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ABSTRACT 

Designed to supplement a short course for middle 
school children and their parents, this manual provides sets of 
learning experiences about electronic communication devices. The 
program is intended to develop positive attitudes toward science and 
technology in both patents and their children and to take the mystery 
out of some of the electronic devices used in communication systems. 
The document includes information and activities to be, used in 
conjunction with five sessions which are held at a science museum. 
The sessions deal with: (1) investigating circuits; (2) 
electromagnetism and the telegraph; (3) electromagnetic induction and 
the telephone; (4) crystal radio receivers; and (5) audio amplifiers. 
The sections of the guide which deal with each topic include an 
overview of the topic and descriptions of all of the activities and 
experiments to be done in class for that particular session. The 
students' and parents' manual gives directions for doing the 
experiments and also* includes activities to be done at home. The 
appendices include optional activities and information along with 
reproducible participant materials and overhead transparency masters. 
(TW) 
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INTRODUCTION 



Our world is full of devices that help us to communicate with one another 
at an ever increasing rate of information transfer (e.g., telephone, radio, 
television, communications satellites). Although we all use these devices* 
not many people understand how they work. Moreover, most people do not believe 
tbsy could understand the basics of how these devices work. In the schools 
today, children are taught basic scientific theories. How these theories apply 
to technological devices is, however, seldom taught. 

The communications technology course described here is designed to provide 
a learning experience whereby parents and their children can learn about and 
build electronic communication devices together. The activities in the course 
are designed to achieve the following goals: 

1. To promote positive attitudes in both parents and their 
children toward science and technology. 

2. To take the mystery out of some of the electronic devices 
used in communication systems. 

3. To strengthen family relationships through a shared parent/ 
child learning experience. 

To attain these goals, the sessions of this course have four components 
described below. 

1. A series of experiments and demonstrations designed to explicate 
the principles of how four communication devices work, the 
telegraph, the telephone, AM radio, and audio amplifiers: 
During the five weeks of this course, participants experiment with 
series and parallel circuits using flashlight batteries and 
bulbs, use iron filings to map the magnetic field around 
permanent magnets and electromagnets, do the Oersted experiment, 
build a sample galvanometer and discover Faraday's law of 
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electromagnetic induction, experiment with diodes and transistors, 
and use an oscilloscope to observe wave patterns and measure frequencies. 
Following each experiment, demonstrations and discussions help the 
participants to understand how the te legraph , telephone, radio, and 
audio amplifier work. 

Actual building of working models of some communications devices. 
Using simple materials, a screwdriver , and a hammer, participants 
build the following devices: 

a) Two telegraph stations, each with a key and switch. 
Participants connect the two stations and practice sending Morse 
code messages between stations. 

b) Two loose-contact carbon microphones. 

Participants connect the microphones to earphones and a battery for 
a two-way telephone system. They also connect a microphone to 
an oscilloscope to observe their voice patterns, determine the 
audio resppnse of the microphone, and measure an audio frequency. 

c) A crystal radio receiver. 

Participants connect their receiver to an oscilloscope to observe 
amplitude modulated and rectified wave patterns and to measure a 
radio frequency. 

d) An audio amplifier. 

Participants connect the amplifier to their crystal radio receiver 
and a speaker. 
Troubleshooting the devices. 

Most devices do not work the first time they are tested after they 
are built. Troubleshooting involves a systematic approach to checking 
and/or adjusting each component in turn to make the device work. In 
this course, some hints for troubleshooting are given in the direction 
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sheets for building each device. The instructor also models trouble- 
shooting approaches as s/he circulates around the class to help 
participants. Instead of ^^fixing*' the device for the participants, 
the instructor suggests procedures for the participants to follow. 
4. Home activities. 

Each week families are given an activity to complete together at 
home. Some of these activities involve building a second device, 
such as a telegraph or microphone, and connecting the two devices. 
Other activities involve further testing of a device built in class. 
Teaching Parents and their Children 

Teaching parents and their children about communications technology is 
exciting because both groups are motivated to learn about and build communica- 
tion devices. In most families, the knowledge level of the parents and their 
children is about the same for the content of this course, although the level 
varies widely from family to family; a few parents are well versed 
in electronics, while occasionally a child exhibits superior knowledge. 

During the experiments and discussions, the parents generally ask more 
questions and exhibit a greater need to know why or how something works. The 
children, on the other hand, tend to be more absorbed in the actual performance 
of the experiment or in the building of a working communications device. Many 
children begin to see their parents as educational equals and can share 
their knowledge with their parents in a new and different way. 
Facilities 

If possible, choose a classroom with several electrical outlets and a TV 
antenna connector. In sessions 4 and 5 you will need to have an antenna wire 
(and possibly agroundwire) strung across the room in such manner that all 
families can reach the antenna simultaneously (see page 56 ) . A TV antenna is 



,12 

ix 



the most convenient antenna. Otherwise, you will need to string an antenna 
out a window or bring an antenna wire down to the classroom from the roof. 
Be careful that the wire antenna does not get close to any electric power lines 
boxesi or outlets. 

Activities in this course require working space for each family. Large 
tables that comfortably seat 4 or 5 people (or two smaller tables pushed 
together) work very well. You will also need a centrally located table for 
demonstrations, an overhead pro jector and screen and a chalkboard or newsprint 
easel and pad. 
Materials 

Although a materials list is included for each sei^sion, the total material 
list is given below for convenience in ordering materia.':,. The first list 
includes materials for classroom experiments and demonstrations. Most of these 
materials can be used again in subsequent classes or in different courses you 
teach. The second list is for materials the participants use to make the tele- 
graphs, microphones, radio, and audio amplifier. The participants keep these 

materials, so they need to be reordered for each course taught. 

In the lists below, the single asterisk (") indicates materials that could 
be difficult to obtain, so they should be ordered well in advance of the course 
The double asterisk indicates readily available materials participants can 

bring to class. To insure that participants bring the necessary materials on 
the correct days, a single materials sheet can be prepared which lists the 
materials needed for each session of the entire course. In addition to the 
considerable reduction in cost that can result from this procedures, partici- 
pants tend to value the class experiences more since they have invested some of 
their own time in preparation. 
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General Classroom Use 
For each family: 

- 30' #24 insulated solid wire 
* 13' #28 insulated solid wire 

3 1.5V flashlight batteries (D cells) 

3 battery holders 

3 3V flashlight bulbs 

3 bulb sockets 

2 knife switches 
1 magnifying glass 

4 assorted magnets (at least one 2'* cylindrical or bar magnet) 
1 horseshoe magnet (strong) 

1 magnetic compass 
1 jar iron filings 

1 7-l/4»» X 9-1/2" piece of poster board 
1 small ball of clay 
20 steel pins 
1 3" aluminum nail 
^ 1 3" brass nail 
1 3" steel nail 
i ruler 

1 single edge razor blade (or exacto knife) 

2 8-1/2" X 11" unlined white paper 

1 #2N130S PNP Germanium transistor (optional) 
1 #IN34A diode 
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" 10 Fahnestock spring clips 
1 small box matches 
1 birthday candle 

assorted metal, wood and plastic chips 
For the class: 

1 slinky 

2 demonstration magnets 

" 3 to 6 wire strippers (optional) 
2 cans spray glue 
110' #24 insulated solid wire 
2 rolls masking tape 
2 rolls scotch tape 

tools (screwdriver, knife, needle-nose pliers, soldering iron, hammer) 

Materials That Participants Keep 
For Each Family: 

1 3-ring binder (for written materials) 
40'* X 6" pine board 

14" r» X 2" furring board 
90' #24 insulated solid wire 
" 136' #28 insulated solid wire 

2 alligator clips (more if use for earphone connections) 
— 2 3" steel nails 

1/3 paper straw (3A6" in diameter) 
4 corks (size 4) 
13 1-1/2" nails 

29 large Fahnestbck spring clips 
37 5/8" #6 round head wood screws 



4 carpet tacks 

2 small cardboard boxes (6*' x 6*' x 2") 

2 V' lengths #2 pencil lead 

4 1/2" carbon electrodes (from #6 dry cell) 

14" 5/8" wooden dowel (optional) 

4 #6 stove bolts (1") 

8 #6 nuts 

4 washers 
'^^^ 1 small square sandpaper (fine) 

2 earphones (portable radio) 

2 brass paper fasteners 
^ 1 Sflspeaker (2 1/2 or 3") 

1 6V battery 

2 #IN34A d'ories 

1 8-pin IC socket 

- 1 LM386 Audio Amp. (IC) (or substitute) 

1 220^F 16 V electrolytic capacitor (axial) 

2 10|aF 25 V electrolytic capacitor (axial) 
1 O.l^F 50 V PC capacitor (mylar) 

1 0.22 |aF 50 V PC capacitor (mylar) 
1 lOXl 1/4W resistor 
1 100ni/4W resistor 
1 lOK audio tape resistor pot 
'V 3 lengths of steel banding 
6 ziplock bags (optional) 
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Cost 

The cost of the materials depends on where you buy the materials and the 
amount of materials you already have. If you have to buy everything (e.g., 
classroom materials and take-home materials), the cost for the first class 
for twelve families will range from $530 to $800 (or $44 to $67 for each family). 
If you have all the materials and only need to buy replacement and take-home 
materials, the cost for a class of twelve families will range from $350 to $415 
(or $30 to $35 for each family). 
Ordering 

The materials should be ordered well in advance of the course. Most of 
the materials can be ordered from electronic supply stores (e.g.. Radio Shack), 
office supply stores, hardware stores, lumber stores, and scientific supply 
houses. The cost is greatly reduced, however, if as many materials as possible 
are ordered from surplus stores. In trial classes, we bought earphones, 8 <Aj 
speakers, wire, magnets, Fahnestock spring clips, razor blades, flashlight 
batteries and bulbs, washers, nuts, screws, and nails from surplus stores. 

Battery holders, bulb sockets, Fahnestock spring clips, plastic magnifying 
glasses and small magnetic compasses can be bought from: 

Delta Education, Inc. 

P.O. Box M 

Nashua, N.H. 03061 

603-884-8899 

Ask for their Elementary Science Study (ESS) and Science Curriculum Improvement 
Study (SCIS) general education catalogs. 

The electronic components for the amplifier can all be ordered from 
Radio Shack. Sinc6 each store only carries a limited stock, you may have to 
order the components from several different stores. Order extra IN34A diodes 
and LM385 IC amplifiers — a few will not work. 

17 

XIV 

O 

ERIC 



Advance Preparation 

Before each class session, you will need to reproduce the experiment 
and home activity sheets and pvepare the transparencies. The experiment sheets 
include a list of materials and directions for performing the experiments. Since 
the participants have different backgrounds and experience with many of the 
concepts taught in class, we found it advantageous in trial classes to let 
participants proceed at their own rate through many of the experiments. 
Materials can be placed in boxes on a table or counter along with the labeled 
experiment sheets. When a family finishes one activity, they can pick up the 
next experiment sheet and the needed materials. 

In trial classes, we found that some parents wanted to have additional 
reading which reviewed the concepts taught in class and outlined the history 
of the invention of the telegraph and telephone. Four booklets are available. 
They are: "Circuits - Some Simple Definitions,'* "Electromagnetism and the 
Invention of the Telegraph,'* ''Electromagnetic Induction and the First Telephone," 
and "How does a Radio Work?". You may want to reproduce a few of these booklets 
for interested parents to borrow. We also found it helpful to make available 
a collection of suitable references for use during class or on a take-home basis. 

To build the telegraph stations, microphones, radio, and amplifier, each 
family will need a large number of small components (screws, corks, nails, 
Fahnestock clips, etc.). Passing out all the materials can be both time 
consuming and confusing. In trial classes we discovered that much time was saved 
and confusion avoided when all the materials (except wood bases) were put in 
ziplock bags before class. For the telegraph and microphones, two bags were 
prepared, one for use in class, and one fcjr the hone activity.* An alternative 
is to place the materials in labeled trays or boxes and have participants get 
what they need and then return materials to the trays when they are done. 
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In addition, for each class session raw materials (wood, wire, steel banding, 
etcO need to be cut and prepared. Specific directions are included in the 
advance preparation section of each chapter. Before you teach the course, read 
through each of these sections to get some idea of the time you will need to 
prepare materials for each class. You may want to try the experiments and 
actually build the devices prior to each session. 

If you have an assistant, you may wish to have all the wood and all the 
wire cut and prepared at the same time, all the soldering done at the same t^'me, 
etc. The lists below indicate the lengths or sizes that need to be cut and the 
page numbers for specific directions. 

(1) 1" X 6" pine boards (for each family) 

1 9*' length (radio base, page 55) 
1 8'' length (amplifier base, page 73) 

3 6*' lengths (telegraph and speaker bases, pages 19 and 71) 

1 5** length (speaker holder, page 71) 

(2) 1" X 2'' furring boards (for each family) 

2 3*' lengths (telegraph clapper, page 19) 
2 lengths (telegraph clapper, page 19) 

(3) 5/8'* wooden dowel (for each family) 

2 7** lengths (microphone, page 32) 

(4) Steel banding (for each family) 

2 4'* lengths (telegraph keys, page 19) 

2 4-1/2** lengths (telegraph switches, page 19) 

2 3-3/4" lengths (telegraph clapper, page 19) 



19 

xvi 

O 

ERIC 



(5) #24 insulated solid wire 

For each family ( take-home ) : 

1 50' length (telegraph, page 18) 

2 15' lengths (radio, page 55) 

2 18» lengths (speaker, page 71) 

3 10" lengths (amplifier, page 73) 

7 1-1/2" lengths (amplifiers, page 73) 
For each family (in-class experiments) 

15 12" lengths (hook-up wire, page 2) 

1 15' length (gavanometer , page 41) 
For demonstrations 

2 50' lengths (page 32) 
2 5' lengths (page 32) 

(6) #28 insulated solid wire 
For each family (take-home) 

1 110' length (radio, page 55) 

2 13' lengths (electromagnets, page 18) 
For each family (in-class experiments) 

1 13' length (induction, page 30) 

NOTE: The wire for in-class experiments and demonstrations can be used i 
subsequent classes . 

(7) Soldering (for each family) 

2 earphones (page 32) 

1 8-pin IC socket (page 73) 
1 resistor pot (page 73) 
1 speaker (page. 69) 
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(8) Pencil-lead rods and carbon electrodes (for each family) 
2 1-3/4'' lengths #2 pencil lead (page 31) 

4 1/2" thick electrodes (page 32 : requires a band saw and drill) 



21 



ERIC 



xviii 



SESSION ONE: INVESTIGATING CIRCUITS 



OVERVIEW 



Participants are introduced to the different ways that humans have 
communicated over time and space. Since many communication devices 
use electricity, the participants investigate electrical circuits 
using flashlight batteries and bulbs. They a re first g i ven on ly one 
wire, one battery, and one bulb. With these, they are asked to find and 
diagram four different ways to light the bulb. They are then given 
battery holders and bulb sockets to investigate short circuits, series 
circuits, and parallel circuits. They are introduced to the concept 
of resistance. Finally, the participants build light telegraphs and 
practice sending Morse code messages. 

MATERIALS 

For each family: 

3 flashlight batteries (1.5V) 
3 battery holders 
3 flashlight bulbs 
3 bulb sockets 
10 hook-up wires 
2 switches 
1 magnifying glass 
1 sheet newsprint (optional) 
1 felt pen (optional) 
For the class: 

masking tape (opt ional ) 
wire strippers (optional) 
set of handouts and home activity 
ADVANCE • PREPARATION 

If your classroom lacks a chalkboard, you may wish to supply 
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newsprint for your own use as well as for the participants. Hook-up 
wire must be cut and the insulation stripped from the ends unless each 
family or group of families is supplied with wire strippers. In trial 
classes, participants enjoyed gaining the new skill of wire stripping. 
You may want to provide name tags for the first few sessions. 



TEACHING SUGGESTIONS 
Getting started (15 minutes) 

One way of ^'breaking the ice" is to have the children int roduce 
their parents and the parents introduce their children. After introducing 
yourself, give a brief overview of the course, showing participants the 
devices that they will be building over the next five weeks. You may 
want to give each family a 3 ring binder to organize the written 
materials they will be given throughout the course* 
Discussion of communication (15 mintues) 

Objective: Participants will be able to list several ways humans have 
communicated with each other throughout history. 

Explain "o the participants that the devices they will be investi- 
gating and building are all communication devices; ways of sending 
messages from a sender to a receiver. Ask the participants, "What are 
all the ways you can think of that humans have used to communicate 
throughout history?'* Make a list of their responses on the chalkboard 
or on newsprint paper. In trial classes we received the following 
responses : 



voice 

mus ic 

touch 

fog horns 

drums 

radio 

TV 

film (movies 



tape recordings 
body signal s 
smoke signa Is 
mail 

satellite 

drawings (pictures) 

telegraph 

pony exprei:»s 



fire watches 
semaphore 
light signals 
carrier pigeons 
bells 
telephone 
phonograph 
writing 
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The above activity also works well in a brainstorming format. To 
do this, divide the participants into small groups. Pose the question, 
**What are all the ways you can think of that humans have used to communi- 
cate throughout history?*' Explain that the object of brainstorming is 
to list as many answers to the question as possible in 5 minutes. Any 
and all answers given aro recorded and no attempt should be made to 
judge the worth of the answers during the brainstorming. Also, indicate 
that there should be no interaction between the groups. When the brain- 
storming is completed , compi le a list of the responses on the chalkboard. 

Explain that there are two ways we can think about communication 
or the sending of messages. We can communicate over space or over a 

distance, and we can communicate over time. Ask the participants, 
"Which of these listed ways of communicating let us send messages 
over time?" This question usually leads to an interesting discussion of 
cave drawings and the development of writing, the printing press, film, 
tape recorders, and phonographs. You may wish to point out that we 
can send time messages only in one direction. That is, we can only 
communicate with people in the future; we cannot communicate with 
people in the past. 

Explain that many of the forms of communication over time, like 
writing and the printing press, also allow us to communicate over large 
distances (carrier pigeons, pony express, mail, etc.). In the past, the 
rate of information transfer was slow, usually a matter of days or weeks. 
Ask the participants, "In which of these listed ways of communicating 
over a distance must the sender and receiver be within sight or sound 
of each other?" Throughout history, humans have attempted to invent 
communication devices that will send messages over longer and longer 
distances in shorter and shorter times. 
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Ask the participants, *'Which was the first device invented which 
allowed humans to communicate over a long distance in a short time?" Ask, 
"Which of these listed ways of communicating over space and time involve 
the use of electricity?** Explain that since they will be building 
communication devices that involve the use of electricity, they will 
begin by investigating electric circuits using flashli[,ht batteries 
and bulbs. 

Introducing circuits (110 minutes) 

Objective: Given a flashlight battery, one bulb, and one wire, partici- 
pants will be able to find and diagram four ways to light 
the bulb. 

Show the participants a battery, a wire, and a bulb. Explain that 
their first task is to find at least four different ways to light the 
bulb using only one wire and the battery. They can diagram the 
different ways to light the bulb on the chalkboard or on newsprint 
paper. If you use newsprint, have the families write their names on 
the completed diagrams and tape the newsprint to the walls. In trial 
classes we emphasized that if one member of the family already knew how 
to light the bulb, then s/he was to try to help the other member(s) 
of the family without showing them how to light the bulb. 

As you circulate around the class, encourage families to discuss 
how the ways to light the bulb are the same. What parts of the battery 
must be touched by either the wire or the bulb? What parts of the bulb 
must be touched? Some families can only find the two ways to light the bulb 
shown below. Ask them to name the parts of the bulb that must be touching 
something (either the wire or the battery) for the bulb to light (the 



25 




metal side and the metal tip). Then ask them what would happen if they 
turned the bulb around so the metal side touched the battery instead of 
the wire. What part of the bulb must the wire now touch? Usually 
families find the other two ways to light the bulb shown below. 




Some families will take up to 20 minutes to find and diagraii. 

four ways to light the bulb; other families will complete this activity 
within five minutes. When a few families have completed this activity, 
announce to the class that there are several more experiments with 
batteries and bulbs that they can try. Indicate where the experiment 
sheets and materials are located. It is important to emphasize that 
there is no need to rush through the experiments. If they do not complete 
all of the activities in class, then they can take the materials and 
finish the activities at home. 
Experiment #1: Some Predictions 

Objective: Given a prediction sheet, participants will be able to 
predict in which circuits the bulb will light. 

Encourage participants to speculate about why a bulb will light or 

will not light as they make their predictions. 
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E»p«tl»ant Ij 

Wf f Isls i battary. battary holdaii 3 battary clips, bulb, 
aockat, 3 wliaa, ugnUyin9 glaas. 

1. Nakt a circuit with a bat(tiy, battaiy holdar and 
battary cllpa, bulbi and iockat. Otmt tha wiiaa. 



3. Look it a bulb through a aagnKylng glaas. Kow asny 
big wtraa do you aaa7 

Light tha bulb and look it tha bulb with a magnlfvlng 
glaaa. Tha aaall wlia that llghta la cAllad tha fllSMnt. 

3. Suppoaa thai t'9T tha bulb to light, sn "alactrlcal 
cuiifctit" Buat traral (rem ona and o( tha battaryi 
tiiiowgh tha (llsMnt, ar^ hack to tha othai and o( 
tha battary* Vhax. auat tha Inslda o( a light tMilb 
look Ilka (or tha filaMnt to light? Crosa out tha 
dtagiMis o( tha bulb that do not axplatn ^at you 
know about how to light a bulb. Clicla tha dlagiaa 
or dlagiaas that fit bast. 




I 

3. 



Experiment #2; Examining the Bulb 

Objective: Given a attery, bulb, wire, magnifying glass, and prediction 
sheet, participants will be able to predict where the two 
wires from the filament are connected in a bulb. 

If possibl I have one bulb opened so participants can see where the 

two support wires for the filament are connected. Ask participants to 

speculate as to the purpose of each part of the bulb: the glass case, 

the gLdSs bead, and the black ring between the metal side and the tip 

of the 'lib. WhaL would happen if these parts were not present or were 

made of a differeuc materials? 
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2 bactsrlta, 2 baccvry holdvtt, 4 b«cc«ry 
clips, bulb, aockac. ••vctal »itc«. 



rind all tht way* you c«n to lle^t ona tHilb »lth t» 
battadaa. Dr«« dlagrau of your citcuita b«low, 

ror aach clrculc you dlaooirar, dacacai5a bow tha 
bclghcnaaa of tt\9 bulb roaparai wlch cha bulD in a 
alngla-battary circuit. la tba bulb brl»bt,r. dl^ar. 
or Uia laaw brlghcnaiaT 



Two Bulba 

btttmty. oaccary holdar , J baccary cUpa. 
2 bulba, 3 tochact, aavaral wlraa. 



light two bulba with nn> 
o«t»ry. cra« diag^^i of your clrcuitnalow, 

quaation"*''' youdlicovar, conaidar tha following 

HI DO th« two bul»»llowwith tha la^a brlgocnaaa? 

HOW doaa tha orlghtraaa of aach byib coapsra with 
tha bulto in a amgla-bulb circuit? Ara cha bulba 
orightaV, dlivicr, or tha aaf»a orlghtnaaa? 

»2) Mhat happ«nt to tha brlghtnaaa of tha fira". bulb 
If you ramovc tht lacond oulb tto» its socktt? 
Ooaa tha firat bulb glow brighccc, dimvr, with 
tha tapa bri^h^noii or 9° out? 




Experiment #3r Two Batteries and Experiment #4; Two Bulbs 

Objective: Given batteries, bulbs, and wires, participants will be able 
to find and diagram 

(a) two ways to light one bulb with two batteries, and 

(b) two ways to light two bulbs with one battery. 

Invite families to speculate about what causes the brightness of the 
bulbs to be different in series and parallel circuits. Some families 
may need help finding either the series or the parallel circuits. Other 
families draw four or five circuits which they consider to be different. 
To help families recognize equivalent circuits, encourage them to compare 
the brightness of the bulb(s) in each circuit. For each circuit have 
them trace with a finger or pen the path of the electrical current from 
one side of the battery to the opposite side. You may wish to give 
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individual families the sheet explaining circuit diagram symbols. Have 
the families redraw their diagrams using these symbols. It is often 
easier to recognize equivalent circuits when they are drawn using these 
symbols* 



Experiment #5: How Bright Are The Bulbs? 



Objective: Given a prediction sheet 
with series, parallel, 
and short circuits, 
participants will be able 
to predict the brightness 
ot eaci^ oviiD in cne 
ciruit '.>ury bright, 
bright, dim or out). 


Exp«rlMnt 

Ifn^h K'lS. iJtti My Slflqht. bclqht. aim. or out <=? 
Uc"p!.5?ctIon .nd tor J.ch ob..c».tlon. 

1 ^ ODMrv.tlon.. 


C^mA P omi 1 1 of t«Tl 1 1 not* flO 




preoiccions oetore i-urinei-uing unc^ 
circuits. Encourage predictions. 


^ »r»01etlont 

1^ " ^ obairvatlont^ « 

^ ^ 


inviting families to speculate is 

to why the bulb might be bright, dim. 


J PC»dlctlont 

^ ObiirvBlloni^ . 


very bright or out. Have families 




trace with a pen the path of the 


4 r'^n^^^V fr«<Jlctlo«« . 

Ill® ObMrvttloni^^^ . . 


current in each circuic before 




they connect the circuit. 
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CapttlMnt contlntM^ 



m 





bulb aiiilnQ 





rttdletiont 



Obiti vadont 



ritdletlont bulb 1_ 
bulb 2_ 

ObiBividont bulb 1^ 
bulb 2 



Pitdietion: 
ODitivationt 



riadictiont bulb 1^ 
bulb 2_ 

ObsBCVBtlont hulb 1^ 
bulb 2 



Fctdlctiont _ 
ObSBCvatlont 



Inittad of diawlng plctuiss of cht actual bacctiltat 
vlr*! and bulitt which aakt up tht clrculta* aoat p*opla 
vho wgrii with tlactrlcity ua« ayabola (or thr«« ictia. 
Tttata act tha ay^ola thac aia wldtly known and uatdi 



1 
T 



- >^ wiraa croaaad but not joinad 




a 



r 



T 



wlraa 

Jolnad 



UM the** vyitela to diAfcaa tiM cicculta you tvav* Mda 



OPTIOWAL CHALLO«CES 



An apaitaant houaa hfto thv*« apartatnta. Each haa 
a light and a avitch, 30 that aach aparcMnCa li^hc 
can bt contcollad by ita occupant. Ttta caratakar* 
who livaa in tha baaavtnti haa a uatac awitd>. Ha 
can turn off tha feaatac awitch at 11 o'clock at night, 
•o that no apactatnt occupant can awitch on hia light* 
aven if ha wanta to. 



D«aign a circuit to do thia. 



2, yupckat launching 

Iba Praaidant of Tranaylvania haa a rockat aiaad 
at tba capital of Ruvitania. Ma can launch tha rockat 
with a switch in his offica. In casa an aMrgancy 
ariaaa whan ha ia not at worki ha haa givan parriaaion 
for hia Niniatar of Dwfanaa "d hia Arsy Coflsandar^in* 
Chiaf to launch to cockat. Tha Praaidant doaa not truat 
aithar tha Niniatar of Datansa or tha Ar»y Cowandar-in- 
Chiaf to act alona. Ua has 9ivan tha* awitchta to 
that tha rockat will ba firaa only if both agraa to 
work thair awitchaa togathar . 

Daaign a awitch circuit ao tl>at aithar tha Praaidant or 
hia two aubordlnataa togathar can launch tha rockat* 



Optional activity : 

You may have one or two families 
that have so much background in or 
experience with circuits that the 
experiments are not challenging for 
them. Sometimes these f ami 1 ies 
will explore complex circuits on 
their own. If they appear bored or 
restless, you can introduce the 
optional challenges. They will 
need four switches to solve the 
chal lenges . 
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CAtitikir* 

luatir 

Switch 



2« Jtoefc*! Uiunchinq 



■-1 




rrt»ld«nt 

— I— I 

& Kocktt 



Nlnlitar CoBMndir 
o« In- 
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Discussion (10-15 minutes) 

Objective: Participants will be able to draw the path of the current 
in a one-bulb, short, and series circuit, and explain the 
concept of resistance. 
About 40 minutes before the end of class, have participants stop 

their experiments and share their discoveries. You may wish to draw 

a large diagram of a bulb and battery 

on the chalkboard or on newsprint 

paper. Have one of the children 

draw the wires inside the bulb. 

Define a circuit as a complete path 

of conductors from one side of the 

battery to the other. Trace the 

path of current flow in each of the four ways that light the bulb. 

(Point out the direction of flow by convention from positive to negative.) 

i iri/; iiAvA (''^O-i 3^ 
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Draw a second wire and ask, "What happens to the bulb when a 
second path, a single wire, is added to the circuit?" Explain 

that this called a "short circuit". 
Since the bulb does not light, the 
electrical current must be flowing 
through the wire, and not through the 
path with the filament. The wire gets 
hot, indicating a large current flow. 
If the wire is kept on the battery, the 
battery would soon "drain". It would no longer supply any current. 

Draw a series circuit, and trace the current flow. Ask, "How 
does the brightness of each bulb compare with the brightness of one 
bulb in a single-bulb circuit?" 




The fact that the bulbs are 
dimmer indicates that less current 
is flowing through each bulb. 
Explain that experiences with 



short circuits and series circuits lead to the invention of the concept 
of "resistance". In the short circuit, the path with the bulb has more 
resistance than the path with no bulb, so most of the current flows 
through the wire or the path with no bulb. A path with two bulbs 
has more resistance than a path with one bulb, so there is less current 
flowing through the path with two resistances. 

At this point you may want to introduce the water flow model of 
electric current (See Appendix A). If, however, many participants have 
not completed all the experiments, you may want to wait until the beginning 
of the next session to introduce the water flow model. 
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Experiment #6; The Light Telegraph (20 minutes) 



Objective: Given two bulbs, two batteries, two switches, and wire, the 
participants wil 1 be able to build two light telegraph 
stations . 



Mif f liU i 3 battarlti, 2 bittary boldvra, 4 b«tttry clips, 
2 biilbtf 2 •ockvta, 2 awUOtsa, ■■▼«r«l «lrta. 



Add ■ twitch to yout bailc batttry and bulb clroilt, and 
ftaka U)t bulb li9ht. Draw tbm wiraa. 



Wban you caA Hqht, thm bulb with ■ avltch* you hav* ^adt 
a tal»graph tttl 

Oaa two witchas, two battarlaa* sad two bulbs to Mk« 
two ttla^raph atstions. low can you-Ytook up tb« two atstlons 
•o L^at yoti cat stnd llfht slqnsls batwvsn atstlons7 Drsw 
youx circuit bslow. 



Ask for tha Noras cods, rrsctict asking ths Itttsrs with 
th* Norss cods sf^ ssndin9 assssgss. 

Uss your Morst ood* to dscods ths snswsr to this qutstiont 
*Wiy do bir^s fly south in ths wintsr?* 

// / — / .... ... / - / 

Mrits tht na9?i> for your faaily Msbtrs in iioras Cods. 



Show participants a 
switch and explain that in the 
next activity they will be 
building a light telegraph 
using the switch as a tele- 
graph key. They will also 
receive a copy of the Morse 
code. A dot is a short tap 
I on the switch or key; a dash 
is a tap about three times as 
long. A pause should be left 
between words that is about 
three times longer th^n the 
pause between individual 
letters . 



Pass out experiment sheet #6, the Morse code**, and the switches. 
Participants can pick up any addition materials they need. Some partici- 
pants may need help connecting the two telegraph stations. 
Home activities (5 minutes) 

Objectives: 1. Given the Morse code and two light tel '^graphs , the 

participants will be able to send Morse code messages 
to each other . 

2 . Given a prediction sheet , participants will be able to 
predict the brightness of each bulb in a circuit after 
a change is made in the circuit (e.g., adding another 
bulb to the circuit, placing a wire around a bulb, etc.). 



•'This version of the Morse code is used in radio communications (primarily 
by amateur "ham" radio operators. Early telegraph operators connected 
by wire used the American Morse code. 
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In the last few minutes of class, explain the home activity. The 
participants can take home the batteries, bulbs, switches, sockets, and 
battery holders. They can complete at home any experiments that they 
did not finish in class. They can also practice the Morse code at home 
so they will be able to send messages with the electromagnetic tele- 
graphs that they will build the next week. They must return all the 
equipment the following week. Remind the participants 'to bring a 
hammer and a screw driver the following week. 




A dot is a short Up of the key — A dash is about 3 times ai long. 
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Komt AcdvUv I 



Htf rnU fof HOB* Activity ti 



hoM activity, taka horn 

1 batttrlaa 

3 bulba 

2 batttry holdara 

4 battary holdar clips 

3 awltchaa 
3 aockata 
I wlrta 



Katurn gl^ aqulpMnt naxt vm^* 
I acrav drlvar 



In addition! bring f ro« ho 



ruat. pitdlct what Mill hippan to tht btiqhtnaaa of tach 
b.ilb whan tht cUcuita btlow art chanqtd aa indlcatad. 
Than build tht Circulta and ttat your pctdictiona . writt 
bclqhtac, aamt briqhtnaaa, diiMiar, or out Cor aach pradlctlon 
and for tach obaarvatlon. 
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riici 1 Ui tJwtUiI bulk 
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Prtdlctloni bulb 1 . 

bulb 2 , 

Cbaarvatloni bulb 1 , 
bulb 2 . 



flica 1 vlri piriU'al 
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Prtdlctloni bulb 1 . 

bulb 2 , 

Obatrvatlont bulb 1 . 

bulb 2 
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SESSION 2 
ELECTROMAGNET ISM AND THE TELEGRAPH 

OVERVIEW 

In Experiment #1, participants review their knowledge of magnetism 
by investigating magnets and their effects on other magnets and on different 
metals. They are introduced to the concept of magnetic lines of force by 
using iron-filings to map the magnetic field around a cylindrical magnet. 
The Oerstad experiment demonstrates the connection between current electricity 
and magnetism; a magnetic field circles a current-carrying wire. Participants 
discover that the magnetic effect of a current-carrying wire increases when the 
wire is wrapped in a solenoid shape. When different cores (steel, aluminum, 
brass) are placed inside the solenoid, participants conclude that only the steel 
core increases the magnetic effect. They make a map of an electromagnet 
(solenoid with a steel core) using iron filings and compare this map with 
that of a permanent magnet. Finally, participants build a telegraph station 
using their electromagnet. 

MATERIALS 

For each family: 

Class activities: 

1 tray or small box 

several wood, plastic, and metal pieces 

4 assorted magnets (at least one cylindrical magnet) 

1 magnetic compass 

2 1.5V batteries 
2 battery holders 
1 switch 

1 magnet holder 

1 small jar of iron filings 

1 aluminum nail 
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1 smal 1 container of steel pins 

2 sheets of 8V x 11" white paper 
Telegraph stations: 

2 13' lengths of #28 insulated solid wire 
50' of #24 insulated solid wire 
2 3" steel nails 

2 2V lengths of paper drinking straw (3/16" in diameter) 

1 6V battery 

2 wood bases (6" x x 3/4") 
2 wood pieces (4" x iV x 3/4") 
2 wood pieces (3" x iV x 3/4") 
8 large Fahnestock clips 

10 IV* nails 

14 5/8" #6 round head wood screws 
2 carpet tacks 
4 corks (#4) 

2 4" lengths of steel band 
2 4V lengths of steel band 

2 3-3/4" lengths of steel band (bent at one end) 
For the class: 

1 can of spray glue (optional) 
masking tape or scotch tape 
newspaper 

rulers 

2 demonstration bar magnets and ring stand 

3 or 4 brass nails 
overhead projector 
1 transparency 

set of handouts and home activity 
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ADVANCE PREPARATION 

1. Investigation of magnets and magnetic fields; 

For each family, prepare a tray or small box of assorted metal, wood, 
and plastic pieces and assorted magnets, including a magnetic compass» In 
trial classes we used large brass fasteners, paper clips, steel and aluminum 
nails, bottle caps, pieces of scrap lead, tin, and copper, scrap wood, and 
different plastic items such as pen caps, vials, and beads. 

Each family or pair of families will need a small 
container for iron filings. In trial classes we drilled 
holes in the lids of plastic vials and poured a small 
quantity of iron filings into each vial. Any small 
jar with holes drilled in the lid can be used. 

Magnet holders can be made from poster board. Cut a x piece of 

poster board for each family. With a razor blade or exacto knife, make four 




r 



9 l/2»» 



Front 
3'' 5/8" 



Back 



3 3/4" 



T 



5/8" 




3" 



cuts halfway through the poster board, as shown. These cuts allow the poster 
board to be easily bent along the cuts. Do not cut all the way through the 
board. Turn the poster board over and make one cut, as shown. 
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The magnet holder can now be bent into the shnpn r?iown below. You may 
wish to label the magnet holders. 




2. Telegraph stations: 

Each family will build two telegraph stations, one in class and one at 
home. A telegraph station consists of a wood base, a wood clapper holder, a 
clapper and clapper screw, an electromagner , a key, a switch, and two 
Fahnestock clips for connections, as shown in the diagrams below. 

Clapper 




clips 

An electromagnet is made from a 3" steel nail, a paper drinking straw, 
and three layers of wire. Cut two 2^*' lengths of paper drinking straw (3/16" 
in diameter), and two 13' lengths of #28 insulated solid wire for each family. 
Each family will also need approximately 50' of #24 insulated solid wire to 
connect the two telegraph stations each of which will be placed in a separate 
room of the house. 
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To make the bases and clapper holder for each family, cut two 6^' lengths 
from a 1'' x 6*' pine board, cut two 4" lengths and two lengths from a 1" x V 
pine furring board. You may wish to stain the cut pieces. Participants often 
have trouble deciding which pieces to hammer together first. It is helpful 
(and saves time) if you hammer two nails through the base, as shown below. 




Participants can hammer the 3" wooden side of the clapper holder onto the nails 
on the base (after attaching the clapper), then happer the 4'' top of the clappei 
holder onto the side (after attaching the clapper screw). 

To make the bases and clapper holder for each family, cut two 6'* lengths 
from a x 6'* pine board; cut two 4" lengths and two lengths from a 1^* x 2*' 
pine furring board. You may wish to stain the cut pieces. 

We found in trial classes that the best switches, keys, and clappers 
were made from scrap steel banding used for shipping heavy packages. With 
large tin snips, cut six pieces of steel banding for each family; two 4V' 
lengths (for the switches), two 4»» lengths (for the keys), and two 3~3/4'^ 
lengths (for the clappers). Using a 3/16»» drill bit, drill two holes from 
the ends in the 4»» and 4%»» lengths. Drill only one hole in the 3«3/4»' lengths. 
With a vise and a hammer, make a 90° bend in the 3~3/4»» lengths about 5/8" from 
the end with hole. 




3-3/4" 
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Build at least two telegraph stations to use as models for the participants 
to copy (and for a demonstration in the third session). If you have time, place 
the materials needed to build each telegraph station in ziplock bags, or on 
labeled trays. 
3. Demonstrations 

Place masking tape over the labeled ends of two demonstration bar magnets. 
Suspend one magnet with a string from a ring stand. Put the suspended magnet 
on a centrally located table so all participants can see the direction the 
magnet is pointing. 

If you have the demonstration equipment available} you may want to demon- 
strate the magnetic field around a wire and aroud a solenoid (See Appendix B). 

TEACHING SUGGESTIONS 
Getting Started (20 minutes) 

Ask the participants if they have any questions about the home activity. 
In trial classes we found two major areas of concern. Some participants do 
not understand how a battery can deliver more current in a parallel circuit 
than in a one-bulb circuit. As one father remarked, "A battery must put 
out the same current no matter what is hanging on it. How can a battery 

know what is connected to it ahead of time?'* The second area of concern was 
with series circuits: how can two bulbs in series offer more resistance 
(less current) than one bulb? One mother stated the problem as follows; 
"Current rushes out of the battery, sees the resistance, and slows down to go 
throught the bulb. Once the current has slowed down, it shouldn't matter how 
many more bulbs are connected in series, the same current would go through 
each bulb.*' A demonstration of the water flow model resolves these concerns. 
(See Appendix A.) You can also use an ammeter to measure the current in 
one-bulb, series, and parallel circuits. 
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Experiment #1: Exploring magnetism (10-15 minutes) 

Objective: Given a tray of mat^nets and common metal, wood and plastic pieces, 
parO.cipants will be able to find which materials are attracted to 
the • ".gnets. 

Explain to . 'le participants that last week current electricity was 
investigated. This week magn^»tism and thf. connection betweeen current elects, 
ricity and magnetism will be investigated. It was the discovery of this 
connection which led to the invention of electromagnets and the telegraph. 
Show the participants an unlabeled bar magnet and ask, "What are the names of. 
the '^nds of this magnet?*' (North pole and south pole) Ask, ''Suppose we have 
only one magnet and the ends are not labeled. How could we find the north and 
south poles of this magnet?" Show the participants the freely suspended bar 



lutarlaUi a tray of wood, Mtal. arwS plaatlc plvcva* 

•••orttd M^nata. a aagnttlc ccjupaaa. and tap*. 

1. Hhlch objacta on yoat tray ara attr»cttd to a Mgnat? 



a. Do all r^r Bagnata bava both a north-aaaklnq pola and 
a aouth-aaaklnq pola? Oaa X-tm Kavn^tlc caap«aa or 
tha dawnatratlon M^nata to Idantlfy tha nortb-aMklng 
pola of aach of your saqnata. lurk thm nortK-»»«klD9 
pola of aacb or your ma^nata vlth Making tap*. 



3* Llat all tha facta you know about Mgnatlsa. 



magnet. Explain to the partici- 
pants that a freely suspended 
magnet will always point in the 
same direction. We name the 
end of the magnet that points 
toward geographic north the 
"north-seeking" pole, the 
opposite end is named the 
"south-seeking" pole. 

Show participants the 
trays of magnets and metal, 
wood, and plastic pieces. Tell 
them to use these materials 
to review what they know about 
magnetism. Have two or three 
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children pass out the experiment sheets and the trays. Most families complete 
this activity quickly. You can challenge these participants with the 
questionst "How do we know there are only rwo kinds of maf>neMc pole*;?'* A few 
participants are surprised when the magnets do not attract all the different 
metals (lead, brass, copper, aluminum). For a few participants, the study of 
magnetism is a new experience. These families take longer to complete this 
experiment and need more assistance. 
Experiment #2; Magnetic fields (20-30 minutes) 

Objective: Given a cylindrical magnet and iron filings, participants will be 
able to make a map of the magnetic field around the magnet using 
iron filings. 

When most of the families have completed experiment #1. announce to 
the class that they can continue with the next experiment. Indicate where the 
experiment sheets and materials are located. Set newspapers out in a corner 
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tarp«rl»«nc 12 
•tognatlc rUldt 



WA»>f cardboard m*%nmt holdar. cyliodrical aagnti. 

)ar of Iron filings. ah*tt o( whlta pap«r. 

1. la) rold tb« BMiMt holdtr Into Ita proper ahapa, aa 
shown balov. Maca a »a«ntk Inaida tha alot of 
M^nat holdar. Cantar tt>« MfA«t in tha aloe. 



Cb) Lay a ah—t of papar o««t tha top of tha mm^nmx.. 
and tpclaUa Iron flllnt* Mto It. >aap tha 
apriatlar about ■!« to aivbt inctMa abova tha 
papar* «otle« ho» tha f llinfa tand to foro Into 
m p«ttarR* 



Ce) c«ntly tap th« papac with yo«r fln^ar. whara do 
M»at of tha llllo«a 90T Carafally bring your 
Mqnat holdar and ahaat to tha Inatructor. who 
will apray yo«r pattarn with 9lt*« •*» wi>>l hava 
a p«rMn««t racord* 



mm 



?. Yba iron flllnaa aca followin« tha cvrrwS path of tha 
'■aqnvtle linaa of forca^ aurrouAdinf tha oafnat. 
lUanttlc llnaa of forea ara uaually drawn with arrows 
9olnq txom th» Tntttf—mkinq i*d of the Mfptt to tha 
•M*.hoaa«»;i*9 and. aa ahonn on tha o««t pa^a. Tht arrows 
Indleata tha dlraction tha »orth-aMkiii« and o( • coopaai 
fra«dl» wowld point at that loeatioo. 



bpariavnt ^2 <oanilMad| 




3. Optlofial Activity 

Yba dia^raaa balow show tba Iroo-flllnf p«tt«rna of 
two Bsqnata. low swat yew pl«a« tba polaa o( aach m»tH9t 
to obtain tbaaa pattarna? Ca« yo« vata p«tt«rBa Ilka 
tbaaaT # 



''mVo.---:- 



' .-0^:- ^: 



^^^'^t;^ 
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of the room, preferably near an open window. The space must be large enough 
so that the pattern of iron-filings can be left to dry after spray gluing. 
When most of the participants have completed this experiment stop the class 
for a brief discussion. Ask the participants what they have discovered about 
magnetism and magnetic fields. List their responses on a chalkboard or news- 
print paper. 

You may wish to discuss the earth as a magnet. We know that like poles 
repel (e.g., two north-seeking poles repel) and unlike poles attract (e.g., 
a north-seeking pole of one magnet attracts the south-seeking pole of another 
magnet). Since the north-seeking pole of a magnet is attracted to or points 
approximately twoard the goegraphic north, there must be a "south" magnetic 
pole located somewhere near the geographic north pole. If you have time, it 
is helpful to discuss (a) other magnetic materials (besides iron and iron 
alloys) such as the metals nickel and cobalt and the non-metalic liquid oxygen, 
(b) the "domain theory'* of magnetism, and (c) the ways a piece of iron can be 
demagnetized (e.g., heating, dropping). 
Experiment #3; Oersted Experiment (20 minutes) 

Objective: Given a magnetic compass, batteries, wire, and a switch, partici- 
pants will be able to find the direction of the magnetic field 
around a current-carrying wire (Oersted Experiment). 

Ask the participants, "Do you think there is a connection between current 

electricity and" magnet ism?" You may wich to relate the history of the search 

for a connection between electricity and magnetism. The connection was 

finally discovered accidentally by Hans Christian Oersted. Explain that in 

the next experiment the connection between electricity and magnetism will be 

explored by repeating the Oersted Experiment. Pass out the experiment sheets 

and let the families collect the needed materials. 
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I Ocritvd cxp«riB«nt 



*nrUUi tifo bstttrlts, bsttiry holdari, witm, Mitch, 
•nd • coap«ii* 



!• ftook up tJ>« clrcntt mhattn bvlow. 



3 



riaca tb« cam>«st •wiy froa any Mtal objects, tncludlnf 
tb« Itga of tba UbU. 

■old tb« wlra sbOT* th« 
ee«p«ii In • north-touth 
dtrtctton (parsUsl to 
th« eomp*Ba ntadltl ai 
■hown. Praia tfown on tha 
switch. Doai tha cospiia 
naadla vovt? Xf lo. In 
vtilch dlractlon doai It 
polnti aait, wait, louth 
or tn-b«tt(*an (aouthaait. 
atc.}7 

9am ratraria tba battarlai ao tha current la flowlnq in tha 
oppoitta diraction. Kq^ln bold tha wlrt at>ovt tha coapaii 
in a north-aouth dlractlon. Praia down on tha iwitch. 
Doai tha coapaaa naadla nora? Xf ao. in whicN diraction 
doaa it polntT 



■old tha wira ovar tha 
oovpiia >»«adla in in 
aait-vaai diraction 
(p•rp1^t!I.=eular to tha 

naadla). ai 
ihow4< Vraia down on 
tha «vltch. Doai tha 
coBpai't oaadla «ova7 
Xf ao. in which diractio 
do«i it point? 

What hippani if you ravaria tha battariai (currant 
flowl and rapaat tbli a>parlMnt7 




KsparlMnt II (eontlntMdl 




Tipa tha vira to tha 
tablt or floor in • 
narth>»outh diraction. 
•old tha coapaai ibova 
tha wlra ao tha coapaai 
naadli la p«rilltl to 
tha wlra ai shown, prtii 
down on tha awitch. 
Doaa tha ctMpaia Madia 
■o»a? Xf ao. in which 
dlractlon doai It point? 



Can you pradtct what will happan if you rrpaat tbli 
tvparla«nt with tha cufrtnt (battirita) rtaariad? 
Taat your pradiction. 

5. Cin yov think of a qanaril rula to pradlct tha diraction 
or tba north tnd of a coapait whan it li placad naar i 



curr«nt*carrytn9 wlra? 



When most of the participants have completed the experiment, stop the 
class for a discussion. Ask the participants what they have discovered. 
Explain that the movement of the compass needle near a current carrying wire 
indicates that there is a magnetic field associated with a current. Project 
transparency //I on the overhead projector and explain that the magnetic 
field circles the wire. If you have the demonstration equipment available, 
you may wish to demonstrate the field around a wire (see Appendix B) . 
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Traarpartwrr U 



CDWECnor BOm El£CTHICin and KAGNaiSM 




• • • I' All'* I ' » 



ngnttle flitd drcTw 
■ orrunt orryfng vfpt 



Experiment : Solenoids and Electrcxnagnets 
(40 minutes) 

Objective: Given wire, straw, nails of 
aluminum, brass, and steel, 
and steel pins, participants 
will be able to: 

(a) build a solenoid , and 

(b) test the magnetic strength 
of the solenoid (e.g., the 
number of steel pins the 
solenoid will pick up) 
using cores of almlnum, 
steel, and brass nails, 
and 

(c) make a map of the magnetic 
field around an electro- 
magn e t (so leno Id wl t h 
steel core) using Iron 
filings. 
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Explain to the participants that Ampere predicted that that lines of 
force around a current-carrying wire might- be concentrated by wrapping the 
wire into the shape of a coil or solenoid. In this experiment the participants 
investigate Ampere^s prediction.. 

Give directions for making the solenoid, demonstrating the first part of 
the procedure as you explain. 

1. Place the drinking straw on the nail. Tape the straw on the nail to 
keep it from turning as you wrap the wire . Use a small piece of tape, since 
you will later remove the tape so ycu can take the solenoid off the nail. 

2. Starting about 8'' from the end of the wire, wind about 5-10 turns onto the 
straw covered nail. Leave about of the straw showing. Have your partner 
tape the coils to* the straw. 

3. Continue winding wire until about ^" of the straw remains. Again, tape the 
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•olvnoltf* ind lltctcoMHMt* 



I a atis*, • laifi stail Mil, aluMtnus nail* 
and btaa* nalli IS (t«t ot mit; 2 Uttiilti, 
a batctcy holdaia* ■ witch, • ka^nitlc eoMaii, 
and • mall concalnar of itaal plni* 

!• W(aB thiM lay^ri or ulia aiound tb« •tiaii on U)a itMl 
lull, followlnv cha dliactlona gliin in cliai* po not 
oit off tb« aitra wlia. 



2. liMOTV tJb« mail froa tb« •tim. Connact tha cliaalt ihown 
balow. 



f- 

c 





Bcln9 tb« and of tha coll naic Mm coapaii. Do«a thi 
ovaT 



Ka«p tha coll la thli poAltlon *nd pxi»i down on tba 
•witch. Doai tba coafwia naadia worfl ZC ao, how 
■uch doaa It Bwln^T la tba fff^ct bl99ar, SMlIir* 
or tha BMO as In th« Oaratad axpaiia«nt7 



3. Will yoor coll pick op plnaT T«at th« coll a&3 aM. 

fllda tba lir«a alwlnia Mil into ooa and of tba coll. 
Puab down oo tbo awltL'h. VIII tba coll pick up plna 



tvpailMaC |a (oancliMMd) 



•Ilda chi Iiiqa icial nill Into ona and of cha coil, 
fuah dovn on ch<i avlcch. will cht coll pick vp pina 
now. wDac happana to cha plna whan you itlaaaa thm 
awltch? you bava madt m altcc loaagnac . tiaccicmaf nata 
aia callao ct^poraiy aafnaca. Can you iipliln wtiy. 



4. ttbic do you chink tha ma^natlc Ilnaa of (oico loo* Ilka 
around you alactiooafanc? 

(a) riaca youi alactiooaqnac Inaida tht iloc of cha Mfnat 
boldai. Cancar cha alacciOMfnat in Cha olot. 

(b) uy a ahaat of P«P«r ovti tba cop of tba ka^nat, 
and apilnkla iron Clllrtfi onto It. Fraaa down oa 
cha awlcch and 9ancly cap tba papai with your 
fln^ii. Mow doaa tha pactarn of Iron flllnga 
ooapara with tba pactarn for a bar aaqnat? 




(c) 2C you would Ilka a parmananc raeord ot chla pactarn, 
caiafully dlaconnacc tba alaccro^qnat and bring 
tba sagnat holdai and ahtat co tha Inatruccor 
Cor apiay glualng. 
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wire to the straw to hold the coil in pi. 

4, Wrap a second layer of wire on top of the first, winding the wire in the 
saiTie direction. You will probably need to tape the coil to the straw when 
you reach the end. 

5. Finally, wrap a third layer of wire on top of the second. Be sure to leave 
about 8** of wire at the end. You may want to wrap masking tape around the 
finished coils to hold them in place. 

Show the participants a completed solenoid, demonstrating how the coil can 
be taken off the nail. Pass out the experiment sheet and materials. It 
usually takes participants 15-20 minutes to wind the solenoid and 15 minutes 
to complete the experiments. When most of the participants have completed 
the experiment, discuss briefly what they have learned about solenoids and 
solenoid cores. If you have the equipment available, you may wish to demonstrate 
the field*around a solenoid (see Appendix 3). 

47 



27 



Experiment #5; Building a telegraph (60 minutes) 

Objective: The participants will be able to build a telegraph station and 
make it work. 

Show participants a completed telegraph station; demonstrate and explain 
how the teilegraph works. The shorter steel band is used as the telegraph key. 
The longer stepil band can be hooked un'der the Fahnestock clip and used as a 
switch. Explain that the switch is used when two telegraph stations are 
hooked together. This will be investigated in the home activity. The clapper 



taycriBMt IS 



f« 

-;.S V b«tt«ry 

*1 wood btf (i* I M*) 

•1 wood pUe* (4" « IH') 

•1 «»ood pitet (3* * IH') 

*1 BtMl bMnd, bmnt •t on* tnd 

>3 Bt«tl b«ndB (1 thort* 1 lonq«r) 

corkB 
•4 ^'•hMBtoek clip* 
-5 nBlla 

•7 wood Bcr«vs (S/l* or 3/4") 
*1 etrpvt tack 



1. Ob« rout hasMr Bnd BCrvw drlv«r to build • ttlt^rtph 
•tBtlon. Follow tb« dlt^raa b«low and r«f«r to th« 
«od«lB in cIbbb. 



clBppvr boldar 



cltppvr aertw 




:«l»gr«ph k«y 



Itch {lon^tr 
.Bt««l tMndt 



•rlBMt 19 (eoatlnu«d) 



s«Hlon 2 



2, Troubltihootlnq yotir t«l*9r«plkt Conn*ct • l.S volt 
tMttflry to yoMr t«lMr«ph atatlon, «« abown In th« 
dlagrma on th« prtctdln^ p*f«. M aura th« awltch U 
oMn. ror tha talt^raph to work* thara ara two critical 
dlBtancBB wtolch MBt bm adjuatadt (1) tha dlatanca 
batvvan tha nail htad and tha clappat 11/4* to i/i"), 
and (21 th« diatanca batvaan tha clappar acr«w and tba 
clappar. The slappar aeraw ahould touch tht clappar, 
but not push ;i.Mm pn tha clappar. 



clappar 
^^ld^r — 



U*— clappar aeraw 
* .clappar 

ij 

I , — ■ alactroaMfnat 



If your t«l«9rapb doaa not work, try sakln? tba 
following «djuat»antat 

U) MwrnotM tha clappar holdar and Mora tba 
•lactroM^nat up or down. 

(2) B«nd tb« clappar althar up or down. 

(3) Uwaan or tightan tba clappar aeraw. 



Cood Luekl 



screw is present so that the telegraph will make two clicks, one when the key 
is pressed down, and one when the key is released. This is necessary to 
distinguish a dot from a dash. For a dash, the key is held down about three 
times longer than for a dot. The exact dimensions for the telegraph station 
are not critical, so they are hot given. The participants can examine the 
models around the class to see how to put their stations together. 
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Pass out the experiment sheets and materials. If you have not placed the 
materials in ziplock bags, the most efficient way to pass out the materials is 
as follows: (a) have all the children in the class line up near the materials; 
(b) give the first child the screws and instruct him/her to give each family 
7 screws; give the second child the nails and instruct her/him to give each 
family five nails, and so on. 

Participants generally do not need much assistance in building their 
telsgraph stations. They do, however, need help in troubleshooting their 
Stat ions • 

Home Activity (5 minuLes) 

Objective; Given two telegraph stations and the morse code, participants will 
be able to send messages to each other. 

In the last few minutes of class, explain the home activities. Each 

family will take home the materials for building a second telegraph station, 

a 6 volt battery, approximately 50' of hook-up wire, and the home activity 

sheet. Remind Che participants 

to bring both telegraph stations, 

the battery and wire, and a screw 

driver to class the following week. 
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hcm9 Activity 2 
Conntcting Two Taltgraph Rtitiont 



1. nakt a tacond tal^qraph ttttion likt th« ont you radt 
in data. 



2. Uat th« SO fttt of wir* to «onn«ct tht two ttationi 
at ihown in tha diagr^a balov. 




]. Suppoat you art at station A and you want to itnd a 

Mtaiag* to atation 8. Should switch 1 bt op«n or clotfl? 
Should awitch 2 b« op«n or clottd? exptrtmar.t to find out. 

Complatt tht following rultt To itnd a Kttiigt. try 
awitch autt bt • » and my partntr'a twitch muat 

b« . TO rtctivt a pitttag*. »y twitch putt bt 

and my partntr't awitch nutt bt . 



4. Practict atnding Hortt codt nttt^gtt bttwitn roo»« in 
you homt. 



Session 3 

Electromagnetic Induction and the Telephone 

OVERVIEW 

During this session participants continue to troubleshoot their telegraph 
stations. They find a different way to connect their two telegraph stations so 
that messages can be sent and received simultaneously. Through demonstrations, 
they review the purpose of the switches on the telegraph stations and are intro- 
duced to relays. In experiment 2, participants build a galvanometer and deter- 
mine how it works. Using the galvanometer, they discover that when magnetic 
lines of force cut across a coil of wire, a current is induced in the wire 
(electromagnetic induction). This principle is used to explain Alexander Bellas 
first commercial telephone. Through a sequence of demonstrations, participants 
learn hov a modern telephone receiver and transmitter work. Finally, thc^y build 
their own loose-contact carbon microphone which they connect to a battery and 
earphone to make a one-way telephone. 
MATERIALS 
For each family: 

Class Activities: 

15* #24 insulated solid wire 

13* #28 insulated solid wire 

1 cardboard galvanometer base 

1 ball of clay 

1 magnetic compass 

1 horseshoe magnet (strong) 

1 switch 

2 1.5V batteries 
2 battery holders 
hook-up wire 
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Box Microphones: 

2 small cardboard boxes (participants can bring these) 

4 carbon electrodes 

2 1-3/4" lengths of #2 pencil lead 

2 7" lengths of 5/8" wooden dowel (optional) 

4 1" #6 stove bolts 

8 #6 nuts 

4 washers 

2 5/8" #6 round head wood screws 
2 Fahn^' 5tock clips 
2 earphones (portable radio) 
1 small square fine sandpaper 

1 1-1/2" nail 

For the class: 
2-3 relays 

slinky with a ribbon tied in the center 

demonstration telephone receiver and transmitter (optional) 

headphone set(s) (optional) 

sewing needles 

#1 and #3 pencil leads 

100* #24 insulated solid wire 

2 telegraph stations 
overhead projector 

10 transparencies 
set of handouts and home activity 
envelopes 
ADVANCE PREPARATION 

1 . Investigation of Electromagnetic Induction 

For each family, cut a 15' length of #24 insulated solid wire and 13' of 
#28 insulated solid wire. From posterboard, cut a rectangle 3" x 2" and label 
'•Galvanometer Base." Each family will also need a ball of clay about 1" in 
diameter. Test your horseshoe magnets to see if they are strong enough to 
deflect the compass needle in Experiment #3. If it does not work, you may have 
to use more turns of wire. 5 J. 
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2 . Loose-Contact Carbon Microphones 

Each family will build two microphones, one in class and one at home. A 
microphone consists of a cardboard box about 6" x 6" x 2", two carbon electrodes, 
a carbon rod, screws, nuts, and washers for holding the electrodes and connecting 
wires, and a wooden dowel for a handle, as shown in the diagram below. 



6" X 6" X 2" box 




carbon 
electrode 



#2 pencil- 
lead 



1^ 7" wooden dowel 
^ handle (optional) 




side view 



Carbon electrodes can be made from the carbon rods in old 1.5V lantern 
batteries (#6 dry cells). A possible source of old dry cells is a local burglar 
alarm company. Remove the rod from the bat tern. On a band saw, cut the rod in 
half lengthwise . Cut each half into pieces 7/16" to 1/2" long. Using a 1/8" drill 
bit, drill a hole in the center of each piece. You can get 




10-12 pijirs of clectrodos from one carbon rod. Each family will need 4 

electrodes (two pairs). Make some extra electrodes for participants who cannot 
get their microphone to work. 

er|c ^2 
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To make the carbon rods used in Lho microphones, use n ox.icto knife or 
razor blade to cut the wood away from the pencil lead in #2 pencils. Break 
the lead into 1 3/4" lengths. Each family will need two lengths of pencil lead 
(make some extra lengths, since they break easily). For the handle, cut the 
5/8" dowel into 7" lengths. Using a 3/16" drill bit, drill a hole in the 
center of one end. Each family will need two handles. Finally, cut the 
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plugs off the earphones, split the double wire, strip the ends of the insulation, 

of the insulation, and solder 
each end. Each family will 
solder iieed two earphones. 

If the participants are bringing 
their own earphones, you will need 
alligator clips to connect the ear- 
phones to the microphones. 

Build two microphones to use as models for the participants to copy and 
for a demonstration in the fourth session. If you have the time, place all the 
materials needed to build each microphone in ziplock bags. 
3 . Demonstrations 

Connect two telegraph stations, one on each end of a long table (about 6' 
apart). The stations should work with a 1.5 V battery. Have on the table several 
batteries (1.5 V and 6 V), several Fahnestock clips, and two coils of #24 
insulated solid wire, each coil about 50' long. This demonstration is used in 
the discussion of how to increase the current in a telegraph circuit so messages 
can be sent over longer distances; it is the lead-in demonstration for a discussion 
of the purpose of relays. 

You may also wish to demonstrate electromagnetic induction using a demon- 
stration galvanometer and large coils and magnets. Several demonstrations 
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are described in Appendix B. Also described is a variable resistance carbon box 
demonstration which can be used in the discussion of how a telephone transmitter 
works. — ' — 




TEACHING SUGGESTIONS 

Getting Started (5-10 minutes) 

Ask the participants if they have any questions aboi *: • »g home 
activity. In trial classes, some of the participants did not . ' .stand why 
the switch on one telegraph station must be open and the switch on the second 
station closed. Use transparency #1 to trace (with a colored pen) the path of 
the current when station A is the sender and Station B is the receiver, and vice 
versa. (The switches are not included on this transparency; you can draw theji 
as you explain. ) 
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If you have the demonstration equipment available, you may wish to review the 
magnetic field around a straight current-carrying wire (right hand rule) and 
around a solenoid. 

Experiment #1; Connecting Telegraph Station (30-40 minutes) 

Objectives: Given two telegraph stat ions, wire, battery a'nd a circuit diagram, 
participants will be able to connect their stations and send 
messages • 

Given two te legraph stations* wire, and batteries, par cici pants wi 1 1 
be able to find a way to connect the two stations so mess3g*23 can 
be sent and received simult aneous ly . 

In trial classes we found that there is a wide variety in both the amount 

of time spent on the home activity and in the level of success. Some families 

built the second telegraph station, but did not attempt to troubleshoot this 

station or connect tHeir two stations. A few families were unsuccessful in 

connecting their two stations together. Still other families successfully 

connected their bcations and spent considerable time practicing the Morse code. 
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Give the families who have successfully connected their two telegraph 
stations experiment sheet #1. Have the remaining families connect their 

stations together using the 



Cxp«rlaMit II 

i, rind • My to coiMMt yoor tvo t«l*frapii lUtloM bo 
OtM tiM b«tt«rl«i tad «lr«« La tbm Aimqra* b«Ljv. 





circuit diagram from home 
activity 2. Circulate among the 
fam'.'frs to help with the trouble- 
shooting. Be prepared for a ifew 
drained batteries (some families 
leavf both telegraph switches on, 
creating a short c ircui t and con- 
sequently draining their batteries). 
As f amil ies successful ly connect 
their stations, give them experiment 
sheet #1. 



Discussion; The Purpose of the Switches (5-10 minutes) 

Objective: Participants will be able to explain the purpose of the switches 
on telegraph stations. 

If you have not already done so, project transparency #1 and trace the 

path of the current when station A is the sender and station B is the receiver, 

and vice versa. Project transparency #2. Ask a child to come to the overhead 

projector and draw the wires which connect two telegraph stations in such a way 

that the stations can simultaneously send and receive messages. Explain to 

the participants that two batteries and twice as much wire is needed for stations 
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to be able to simultaneously send and receive messages. To save energy and 
switches are placed at each station so they can either send or receive, but 
both. 



t«t«ion > 
rrin>p«r«nc7 12 



mm m id conm ivo msm statigrs 



Stitlon 8 





Demonstration and Discussion of Relays (10-15 minutes) 

Objective: Participants will be able to explain the purpose of relays in a 
telegraph circuit. 

Go to the table where you have prepared the two telegraph stations 

(see page 33). Demonstrate that both telegraph stations work. 

Station A Station B 



Battery 
Key 
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Make one of the wires longer by connecting a coil of wire (about 50'), and ask, 

••Will the telegraph work now?" Demonstrate that the telegraph does not work. 

Draw the coil of wire, battery, and connecting wires on a second copy of trans- 
parency #2. Explain that the wire has resistance; if the wires are too long, 

there is insufficient current in the circuit for the electromagnet to move the 
clapper . 

Station A Station B 



50* wire 



rr 



-p Battery 



Ask, '•What will happen when a second coil of wire (about jOV is connected 
parallel no the first coil?" Draw this second coil in transparency #2. Demon- 
strate this procedure. Most participants are surprised that the telegraph again 
works. 



Station A 



Station B 



50' wire 



-p Battery 
Key 





Key 

Kxplain Lo the participants that adding a second parallel coil is like using 
thicker wire. The thicker the wire, the smaller the resistance of the wire, so 
more current will flow in the circuit. 

Disconnt'ict the second coil, and demonstrate again that the telegraph does 
not work. Ask, "Whot other method could we use to increase the current in 
the telegraph circuit?" Most participants will tell you to add more batteries. 
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Connect a few more batteries in series and demonstrate that the telegraph now 
works • 



Station A 



— - Battery 



50» wire 



Station B 
XL 




Key 



Explain that there are two ways to increase current in a telegraph circuit; 
using thicker wire, and connecting more batteries in series. 

With a fixed number of batteries and thickness of wire, there is a maximum 
distance that two telegraph stations can be apart and work (project top of 
transparency #3). 
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Ask, "How could we send telegraph messages over longer distances?". At first 
glance it seems that more batteries and wire could be added to the circuit so 
the current remains the same and the telegraphs still work (project bottom half 
of transparency #3). However, this would make telegraphs high-voltage devices 
which are dangerous to operate. If we keep adding batteries and wire co the 
circuit, at some point there would be sparking or discharges between the clapper 
and core of the electromagnet • 

Another method of sending messages over longer distances is to build 
another set of telegraph stations and have a telegraph operator relay messages 
(project overlay of transparency #3 and draw a telegraph operator between station 
B and C). This solution is expensive. The telegraph company would have to pay 
the salaries of many of telegraph operators. Consequently, the relay was invented. 

A relay is just an electromagnet that is used as a switch (project trans- 
parents #4). When the key at Station A is pressed, then the current flows from 
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the battery, through the telegraph electromagnet, key, relay coil, and back to 
the battery ^[t*:ace current flow with colored pen). When current flows through 
the coil of the relay, the iron bar i'' • racted to the iron core and touches it. 
This completes a second circuit frr Sliux..*.! B (trace the current flow with 
a different colored pen). In this diagram, messages can be sent in only one 
direction, from Station A to Station B. To send messages in both directions, 
more switches are needed on both stations. 

With a relay between telegraph stations, messages can be sent over longer 
distances without high voltage problems and without paying the salaries of alot 
of telegraph operators (project top of transparency #5). With time, the 
technology of relays advanced so messages could be sent over even longer distances 
(project bottom half of transparency #5). The relays were enclosed in oil with 
very sensitive pivot points and very light iron bars. Now a very small current 
through the relay coil will cause the light iron to touch the core of the relay. 
The Station A circuit can be made longer (more wire added). The current in this 
circuit does not have to be large enough to attract a heavy iron bar; it only 
has to be sufficient to move the light iron bar of the sensitive relay. In 
telegraph and telephone systems today, mechanical relays are no longer used. 
The relays now are all solid state devices (no moving parts). 
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Experiment #2; A Galvanometer (20 minutes) 



Objective: Given batteries, switch, wire, cardboard base, clay, and amagnetic 
compass, participants will be able to build a simple galvanometer 
and explain how it works • 



Explain to the participants 
that the remainder of the session 
will be spent on the telephone. 
To understand how the first 
telephone worked, there is one 
more electromagnetic effect they 
need to investigate. To investi- 
gate the effect, however, they need 
to build a device which will detect small 
electrical currents and their direction. 
This device is called a galvanometer . 
Have some children pass out the experi- 
ment sheets and materials for building 
a galvanometer. 



KvpccUcat I] 



Hatarlalai 19 fMt oC vlca, book-up vita* i hmtwlm, 

2 battary boUaca, a Mitch, a coapMa, ■ ball 
oC 0U7, «ad a eudteacd placv Mcli*d -fUvMoa 



1. ItutUf AbMt U* wmr Um Um tad oC th« wUa, 
^i^^ottrmfX tBTM M0w4 tot Clafata oC you - — 




Um aaotbar ll* oC «lra at th* otht m4. tvlat Um 
t»o trlrM tofatb*^ u« c«m tbm ooll tnm yo«r ei»ff«ra. 

}. »ld« th« ccapaaa lata placa laalda tba ooU Md bold U 
poaltloa vltb el«r oa tha ^alTanoMtar bSJ. tSaT 
falvaaoMtac 1. nam caady to oaa. 




3. Placa tha Cialabad ^alvinoaifr <xi u»a floor (away 

tcoa aatal t*bla «ad chair la«aY . Tucn rJ»a ooaMM ao 
tha coil oC vita and tha coapaaa n««dla ara both lUad 
up la a north aouth dUactloa, aa ahowi. conaact tha 
ValvaooMtar to tha battary aviteh. Mhat bamaa 
«ha« yoa daaa tha awitehf 




4. Can yoo axpUia boa a falTmao^tac wotkaT 



Experiment #3; Electromagnetic Induction (20 minutes) 

Objective: Given a galvanometer, a coil of wire, and a magnet, participants will 
be able to demonstrate that when magnetic lines of force cut across 
a coil of wire, a current is induced in the wire. 
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CsparlMfit 91 



SiiSJjjlSi 1 rahn««toek •srlrtf cIIm, a borM«bo« — fwt, 
rouM falvABOMtar, mad l9 (Mt o( «lr«. 

1. MU • Mcood coll jute Ilka tbm ooll you Md« (or th« 
galTMWMttr. Attack th9 anda of thU ooU to tb« •cdm 
of tb« falvaiwMtar ualnv Um r»hn«atook cllpa, ao 
abOMi. U aura tb« oomaa ntadia aa4 tba eoU ara lli^ 
up U tte norUi*KMith dlraotlM. 




■old tbm colX U OM b«ad «ad thm mafnat U Lba othM. 

M f«« froa tha galvanoMatar aa tha «lra« 

panlt. Tbla aiiould ba at laaat tDraa (mc ruak tfea 
opaa and of tha boraaahoa M9nat throo«k tb« coll. Did 
ytM aM a wty tiny ao»a» a flt of tha ooiBpaM naadla? 
rail tha aaqnat back out. «b«t b«ppaa« tkla tl»a7 
NOT* tha aaqnat U and oat of tJ>« coll aavarax tlMa U 
try hold tha ua^»t autlcoftlr mawtm 
tha coil throofh tha aod of tha aafoat. iiQt hai 



Tlia prmartr o( a aagnat to ptoduca a« alaotrlo curraat 

, ' callad alactroaaanatlc Induction , (rhla 

f i!?*r"'LT** 'i'** »y HlcKSal Paraday ta tha yaar 
Itn.) TodMT, huqa colla. wvad by atav or «atar 
powtr, ua mada to tuxn Inalda aa^natlc (lalda. Titaaa 
darleaat eallad 9anaratora or dynaaoa* halp to produca 
^ alacttlsity that wa uaa. C«a you thUk of «ay othar 
darleaa chat uaa tha prlaelpXa of alao«xCM«aatle 
lnduocloa7 



When a few families 
have completed their 
galvanometer , announce 
to the class that they 
can continue with the next 
experiment. Indicate where 
the experiment shee ts and 
materials are located. 



Demonstrations of Electromagnetic Induction (15 minutes) 

In expbriment #3, the effect seen by the participants is very small. If 
you have the demonstration equipment available, demonstrate electromagnetic 
induction with large coils, magnets, and a galvanometer (see Appendix B). In 
trial classes, we found the most effective demonstration was lighting a bulb 
by moving a coil through a large horseshoe magnet. Throughout these demonstra- 
tions, emphasize that a current is induced in a wire only when magnetic lines 
of force through the wire are changing. This can be accomplished by moving 
the magnet or by moving the wire. If either the magnet or the wire are 
stationary, then no current is induced in the wire. 
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Explanation of Bellas First Telephone (10-15 minutes) 



Objective: Participants will be able to expUiin how a modern telephone 
receiver works. 

Explain to participants that to understand how Bell's first telephone 
worked, they need to be familiar with two phenomena, (1) electromagnetic induc- 
tion, and (2) sound. Ask the participants to tell you everything they know 
about sound. List their responses on a board or overhead projector. Use a 
slinky with a ribbon tied to a coil in the middle to demonstrate compression, 
rarefaction, and frequency. (See picture on page 40). 



AUXAMDER BOL'S FIRSf CCMCRCIAL TELEPHOKE 



Ksgntt- 




fron Disk 



kjLflJLQJl 




franalttr 



Receiver 



Show transparency #6, and explain how Bell's first telephone worked. When 
you speak directly into the mouth piece of the transmitter, sound waves or 
vibrations strike the drumhead, causing the drumhead and disk to vibrate in 
the identical pattern of vibrations as the words you are speaking. This vibra- 
tion changes the space between the disk and the magnet so the number of lines 
of force pushing through the coil of wire wound around the magnet changes. 
This changing magnetic field induces an electric current in the coil whose 
strength changes according to the original sound vibrations. 
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At the receiver, the induced current in the coil around the magnet changes 
the strength of the magnet, so the iron disk is attracted to the magnet with 
changing pulls. The iron disk and drumhead then vibrate back and forth in the 
same rhythnm as the transmitter iron disk and drumhead. This reproduces sound 
waves that are an exact copy of your voice. 

Bell's telephone could only operate over a few miles, and voice reproduction 
was very poor. Edison improved the telephone by inventing a variable - resistance 
transmitter. The modern telephone receiver, however, is almost exactly like the 

first receivers. Project 
transparency #7 and briefly 
explain the modern telephone 
receiver. If you have a demon- 
stration telephone receiver or 
headphones available, remove the 
cover(s) and pass them around 
the class so participants can 
examine the permanent magnet, 
coils, and diaphragm. 



Tr«nip.i.nc« «> 



HDOGW TIl£PHCI€ RECEIVeR 




ptrmanently ngnstlzed Sron 




Demonstration and Explanation of Modern Telephone Transmitters (5-10 minutes) 

Objectives: Participants will be able to explain how modern telephone 
transmitter works. 
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Edison's first telephone 
transmitter is almost exactly like 
the ones today. Project transparency 
#8. The diaphragm of the transmitter 
is a circular piece of extremely thin 
aluminum. The outer edge of the 
diaphragm is held in place, but the 
rest of the surface is free to vibrate. 
On the underside of the diaphragm there 
is a small, goldplated brass dome which 
is nestled in a chamber containing 
small grains of carbon. When the hand- 
set is lifted from the cradle, the 
carbon in the chamber becomes part of 
the electr , circuit and the current L 
passes throug . , *: . 



MCDDW TEl£PHO(C muSMlTTER 




When you speak directly into the mouthpiece, soundwaves strike the diaphragm 
causing it to vibrate in the identical pattern of vibrations as the words you 
are speaking. This, in turn, causes the small dome to vibrate in the carbon 
chamber. Each vibration causes the dome to compress the grains of carbon. 
When the charcoal grains are closer together, due to compression, more current 
flows through the circuit (decreased resistance); as the pressure is lessened 
the grains have a greater space between them, reducing the amount of current 
flowing through the circuit (greater resistance). 
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Thus, the current in the circuit varies in an identical pattern as the 
voice speaking into the transmitter. The receiver converts this changing current 
back into voice patterns. If you have prepared the carbon variable resistance 
box demonstration (see Appendix B), show the participants the chcjnge in current 
which results when carbon grains are alternately squeezed and loosened. If 
you have a demonstration telephone transmitter, dismantle the transmitter so 
participants can see the components. 
Experiment #4: A Box Microphone (30-40 minutes) 

Objective: Given appropriate materials, participants will be able to 

(a) build a loose-contact carbon microphone, 

(b) connect the microphone to a battery and earphone, and 

(c) explain how this simple telephone works. 

Explain to the participants that it is difficult, with simple materials, 
to build a telephone receiver that works. It is easy, however, to build a 
variable resistance microphone with simple materials. Show the participants a 
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completed microphone and explain how it works. Pass out the experiment sheets 
and materials. 

In trial classes, many participants 
could not get their microphones 
to work. Usually the pencil had 
is held too tightly between the 
electrodes. Also, better sound 
reproduction results with very 
sha rp points on the pencil ? :» 
In trial classes we found it nelp- 
ful to take a working microphone to 





each table. Let each family listen 
to the good microphone and feel the 


COKMTULftTXOISt Tott biT« Juit uda « on«-«ir t«l«pt>on« 
aom your c«l«pte(M Morkar 


looseness of the pencil lead. 
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Home Activities (about 5 minutes) 

Objective: Given two microphones, two earphones, a battery and wire, 
participants will be able to connect a two-way telephone. 

In the last few minutes of class, explain the home activity. Each family 

should take home the materials for building a second microphone, a couple o€ 

D cells and holders, and the home activity sheet. Remind participants to bring 

their microphones, a screw driver, a cardboard box and a cardboard rol 1 from 

paper towels or aluminum foil to class the following week. You may also wish 

to have families volunteer to bring either aluminum foil or plastic wrap f.-^r 

building radios. If you have only one oscilloscope for the next class session, 

you may want to ask volunteers to bring to class any musical instruments they 

play (see page 62). 



Hon* Activity ) 
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Session 4 



A Crystal Iladio Receiver 



OVERVIEW 



Participants are* introduced to an oscilloscope and how to use an 
oscilloscope to measure frequency. They connect their loose-ccni.act box 
microphone to an oscilloscope and determine the audio response of thair micro- 
phone (the sounds the microphone reproduces best). The oscilloscope is also 
used to measure the frequency of a note that they sing (or play) into the 
microphone. In the second experiment, participants discover that the detector 
they will use in their crys al radio receiver, the diode, will allow current 
to flow in only one direction. Finally, participants build a radio receiver 
and tune at least one station. 

MATERIALS 

For each family: 

Class activities: 

4 Fahnestock clips 
3 1.5V batteries 

3 battery holders 
1 birthday candle 

1 box matches 
hook-up wire 

Crystal Radio Set: 

110' #28 solid insulated wire or #28 plastic coated or enamelled wire 

2 15' lengths of #24 insulated solid wire with an alligator clip on one end 
7 Fahnestock clips 

5 #6 round head wood screws 
2 brass fasteners 

1. 6" X 9" pinsi wood base 
1 #IN34A diode 
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/ carpet tacks 
1 roll aluminum foil 
1 roll pJ::stic wrap 
1 cardboard tube 
1 cardboard box 
For the class: 

1 can spray glue tonette or recorder (optional) 

newspapers overhead projector 

masking tape 1 transparency 

oscilloscopes (1 for every 2—3 families) and probes 
set of handouts and home activity 
Demonstrations: 

oscil loscope 

sine wave generator 

3" speaker 

variable air capacitor from old radio (optional) 

ADVANCE PREPARATION 
1 . Oscilloscopes 

For the participants, one of the highlights of the course is learning to 
use an oscilloscope to measure a frequency. In this session, the families use 
an oscilloscope to measure the frequency of a note that they sing (or play) 
into their microphones. In the fifth session, the oscilloscopes are used 
(1) to observe amplitude modulated and rectified wave patterns on the crystal 
radio sets, and (2) to measure a radio frequency. 

You will need one oscilloscope for every two to three families. To observe 
radio frequencies, the oscilloscopes should have a time scale as fast or 
faster than one microsecond and a vertical scale larger than 50 millivolts. 
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For more information about oscilloscopes that you could use, see Appendix 

If you do not have enough scopes, arrange to borrow some scopes from the physics 

or electrical engineering department of your local college or university, 

or from a vocational electronics school. In trial classes, we borrowed six 

Tektronix T932A dual trace student oscilloscopes and twelve probes. Each 

•family had access to a scope, although two families would take turns using the 

screen. 

Set the oscilloscopes on tables around the room so that family groups can 
work comfortably around each scope. You may need to use several extension 
cords4. If you only have three or four oscilloscopes for twelve families, 
place them on tables close together. Family groups can take turns using 
the scopes, and they will be close enough for you to simultaneously help 
each group. 

If it is impossible for you to obtain more than one or two oscilloscopes, 
then Experiment #1: Testing Your Microphone with an Oscilloscope, can be 
done as a class demonstration. 

2. The Crystal Radio Hbceiver 

Each family will build one crystal radio receiver, as shown on the next 
page (taken from Elementary Science Study, "Batteries and Bulbs II," Webster 

Division of McGraw Hill, New York, 1974). The detector is a #1N34A diode. . 
The tuning circuit consists of an induction coil and a variable air capacitor. 
The induction coil is made by winding about 11 feet of thin wire on a card- 
board tube (from a paper towel, waxed paper, or aluminum foil roll). In trial 
classes we have used both #28 insulated solid wire and #28 plastic coated 
wire. The capacitor consists of two pieces of aluminum foil glued to card- 
board. Plastic wrap over the plates keeps them from touching. The diode and 
the induction coil are mounted on a pine board. 
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Different stations can be tuned by moving the capnciror platos rloser 
together or farther apart. To tune a larger number of stations, the Induction 
coil can be made into a variable induCor by scraping the insulation off 
2-3 wires about every 100 turns. Place a blob of solder on each point as shown 




in the diagram below; Attach an alligator clip to a short length of vrire. The 
alligator clip' can be moved to different solder points, changing the number of 
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turns of wire of the inductor, This allows for tuning a lar«;er number of 
stations than would be possible using the capacitor plates alone. 

For each family, cut a 9" length from a V x 6'' pine board. Cut the 
wire for the induction coils into 110* lengths. Each family also needs a 
length of wire for connecting to an antenna and a ground. Cut two 15' lengths 
of #24 insulated "did wire and attach an alligator clip to one end of each 
wire. 

Build two radio receivers to use as models for the participants to copy 
and for a demonstration in the fifth session. In trial classes, we found it 
convenient to put all the materials needed to build the radio receiver into 
ziplock bags. 
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T.V. Antenna or antenna wire 
from window or roof 



demonstration 
table 



r 

antenna wire strung 
across room above head 
height 



radio 






3 • Radio Antenna and Ground 

The crystal radio set requires 
a good antenna and ground. The most 
convenient antenna is a T,V, antenna 
outlet or connector in a classroom. 
If you do not hive a T,V, antenna 
connector in your classroom, you 
can (1) string an antenna wire 
out of a convenient window, attaching 
the other end of the wire to a tree 
or wall; or (2) bring an antenna 
wire down to the classroom from the 
roof • 

All the families will need to 
connect to the antenna simultaneously* 
In trial classes, we strung a thin, 
bare wire from the antenna across 
the room above head height , as 

shown in the diagram. Arrange the tables so that all families can reach the 
wire with their 15' lengths of antenna connector wires. 

Use the crystal radio set that you built to determine if the antenna 
arrangement in your classroom is satisfactory. You should be able to tune at 
least one station. In trial classes, we used the oscilloscopes for a 
ground. You may find that you will need to string a ground wire along the 
floor from a piece of plumbing in the room. 
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4. Demonstration 

a. In trial classes we found it easier to communicate the concept 
of frequency if participants could hear frequency changes while seeing the 
change in waveform on an oscilloscope screen. On a centrally located table, 
connect an oscilloscope to a sine wave generator and a small (3") speaker. 
Adjust the amplitude of the sine wave generator so that a medium loudness sound 
can be heard everywhere in the room. Adjust the vertical 
and horizontal gain on the oscilloscope so the 200 cycles/ 
second waveform fills about half the vertical screen and 
two peaks and one valley are visible. 

During the demonstration, loud and soft sounds can be visually associated 
with a larger and smaller amplitudes. Higher frequencies can be visually 
associated with more peaks and valleys on the screen (i.e., 4 peaks for 400 
cycles /second , etc. ) . 

b. On the same table, have ready an oscilloscope probe, battery, earphone, 
wires and a box microphone* The microphone can be connected to the scope to 
show voice patterns. 

TEACHING SUGGESTIONS 

Getting Started (5-10 minutes) 

Ask the participants if they have any questions about the home activity. 
In trial classes, some participants complained that voice reproduction was 
very poor, while other remarked that they were surprised at how well their two- 
way telephone worked. Explain again the two critical adjustments to the micro- 
phone: (1) the pencil leads must have very sharp points, and (2) the pencil 
leads must be loose, but not too loose, between the electrodes. 
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Demonstration and Discussion of: Frequency (15 minutes) 

Objective: Given several oscilloscope pictures of sound waveforms, participants 
will be able to distinguish: 

(a) the picture representing the loudest sound, and 

(b) the picture representing the highest pitch sound. 

Explain that later in the session the particpants will build a crystal 
radio receiver. To understand how a radio works, some basic understanding 
of frequency is helpful. Before measuring radio frequency, however, they will 
learn how to measure frequencies of sound waves with an oscilloscope. 

Turn off the room lights and go to the table that you prepared with 
the oscilloscope connected to sine wave generator and speaker. Turn the 
sine wave generator to about 200 cycles/second. Explain to the participants 
that althoiigh we can't see sound waves, we can use an oscilloscope to produce 
pictures which help us to understand what sound waves are like. You may wish 
to briefly explain how the sine wave generator and the speaker work. 

Explain that the peaks at the top of the oscilloscope screen correspond 
to compression bands or higher air pressure; the troughs or valleys at the 
bottom of the screen correspond to rarefaction bands or lower air pressura. 
The horizontal line corresponds to normal air pressure. 

Increase the amplitude of the sine waves. Ask the participants, "How has 
the sound changed?" (xhe sound gets louder.) Ask, "How does the oscillo- 
scope picture change as the sound gets louder?" Exr.lain that the louder the 
sound, the more the air molecules are compressed. On the oscilloscope, this 
increas-^.d pressure is represented by higher peaks. Now change the frequency 
of the sine waves to about 400 cycles/second. Ask, "How has the sound changed?" 
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(higher pitch) Ask, "How does the oscllloscopo picture change as the pitch 
Increases?" (More peaks and valleys) Explain that the aumber of compressions 
or peaks produced In one second Is the frequency of the sound. 

Set the sine wave generator at about 250 cycles/second. Tell the partlci- 
pants that this sound is middle C. Ask, "What is the frequency of middle C?" 
(256 cycles/second) This means that every second the diaphragm of the speaker 
is vibrating 256 times and sending out 256 compressions. These compressions 
travel in all directions at the speed of sound. Ask, "What is the speed of 
sound in air?" (1130 feet/second) At the end of one second, the first com- 
pression (of th 256) has traveled 1130 feet. For middle C then, the compressions 
are about 4^ feet apart. 

Disconnect the sine wave generator and speaker from the oscilloscope 
and connect your microphone and battery. Talk or sing into the microphone 
and show participants the voice patterns that appear on the scope. 

If you have one oscilloscope, continue with a demonstration of Experiment /^l 
(page 61). If you have several oscilloscopes, explain to the participants 
that they will have an opportunity to examine their own voice patterns on an 
oscilloscope and measure a frequency. First, however, they need to learn 
how to use their oscilloscope. 

Demonstration of How to Use the Oscilloscope (20 minutes) 

Objective: Given directions, par ticipants wi 1 1 be able to correctly identified 
and adjust the knobs on an oscilloscope. 

You can use the following procedure to teach the participants how to use 

each knou on an oscilloscope (i.e., on/off, intensity, focus, vertical position, 

horizontal poiiit icn, volts/division (vertical gain), and time/division 

(horizontal gain). 

(1) Point out the knob on your scope. 

(2) Demonstrate and briefly explain the purpose of the knob. 

(3) Instruct eacli group to lind the knob on their oscilloscope and 
turn the knob to see what happens. 
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For the volts/division knob and the time/division knob, have the participants 

turn the knob to given values (e.g., 0.5 volts, 2 mi. i. : i :*:cntids) . Circulate 

around the class to see if each group of families has correctly sriL :.h^:»l\: knob 

to the given value. Depending on the type of oscilloscope you use, you may 

need to explain that "m" stands for "milli" (1/1000, one one-thousandth, or 

0.001) and '*M'* stands for "micro*' (1/1,000,000, one-one millionth, or 0.000001). 

Discussion of How to Measure a Frequency on the Oscilloscope (5-10 minutes) 

Objective: Given directions, participants will be able to explain how to 
measure a frequency using their oscilloscope. 

Project transparency #1. 
Suppose that this is the voice 
pattern you see on your oscillo- 
scope. To measure the frequency 
of this note, we must determine 
how many compressions or ' cycles'* 
occur in a given time . First 
turn the horizontal position 
knob until two peaks line up with 
the vertical lines on the rcope. 
In this example, there are three 
peaks or two complete cycles in 
three divisions of time. If the 
time/division knob is set at 
2 milliseconds, the frequency is: 

p _ 2 cycles 

6 milliseconds 

2 cycles 
0.006 seconds 

= 333 cycles/second 

You may need to repeat this type of calculation using different examples. 
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Experiment: 1; TePCing your microphone with an oscilloscope (30 minutes) 

Objectives Given an osci 1 J.occope , probe, battery, earphone and loose- 
contact box mic '-Oyhone , uhe participants will be able to 

(a) determine which, letters or sounds the box microphone does 
not reproduce woll, and 

(b) measure the frequency of a note they sing (or play) into 
the microphone. 



Cxp«riinant 11 
Tatting Your Mirrophona with and Ofcilloacopa 



Matgriala i microphona* battary* battary holdar and clipa, 
aarphona* Pahnaatock clipa* wira* And an 
oacilloacop« and proba. 



Adjust your aicrophona until you qat good voice 
raproduction. Connact your aicrophona to tha 
oacilLoacopa as shown in tha diagram balow. 




Spaak or ainq into your microphona and obsarva your 
voica pattarns on the oscilloscopa scraan. Do thasa 
patterns look the sAine es tha pattarns fron tha sine 
wave generator? How era they different? 



Determining the Audio Response of Your Microphone 

You cen determine the eudio reeponse of your microphone 
by speaking the elphabet letters (or phonic sounds) 
into your microphone one at e time and observing 
each resulting vave pattern. 

Which letters or sounds are reproduced best by your 
microphone? 

Which letters or sounds are not reproduced well by 
your microphone? 

Can you think of any ways to improve the voica 
reproduction of your microphone? 



Experiment 11 (continued) 



3. Heesuring en Audio Frequency 

*(e) Sing e pure note into your microphone. Quickly 

turn the horixontel position knob until two peeks 
line up with the verticel lines of the oscilloscope 
screen. 

(b) Estimate the number of cyclee and the number of 
time divieions between the two lined-up peeks. 

(c) Celculate the totel time for theee cycles by 
multiplying the number of time divisions by the 
time setting on your time/divieion (horixontel 
gain) knob. For exemple, if there were 4 time 
divieions between the two Lined'up peeks end the 
time/division (horixontel gein) knob were eet 

at 2 millieeconds. then the totel time would bei 

totel time ■ 4 x 0.002 seconds 
■ 0.006 seconds 

For the nota you sangi 

total time ■ 



(d) Now calculete the frequency of the note you seng 
by dividing the number of cycles by the totel 
time. 



1 



frequency 



cycles 



seconds 



tf you find this difficult, you mey with to try 
tonette or recorder. 



Pass out experiment sheet #1. Circulate around the classroom, helping 
participants adjust their microphones and oscilloscope.-- T you have 
more than 2 families (4-5 people) oscilloscope , /ou may want to 
divide the class into two groups. The first group can dc experiment #1 while 
the second group does the Optional Experiment: Using Your Hicrophone (See 
session III, page 49). After 15-20 minutes, switch the two groups. 
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If you have one oscilloscope, you can do this experiment as a class 
demonstration. Have the children take turns making the sounds of the letters 
into the box microphone. For part 3, you may want to use transparency #1 
(page 60) to show participants how to measure a frequency with an oscilloscope. 
If you have a commercial microphone av.^ilable, you can compare the voice repro- 
duction of the two microphonics. Participants also enjoy observing and dis- 
cussing the patterns of overtones produced by different musical instruments 
they have brought to class. 

When most of the participants have completed this experiment (or demon- 
stration), have the class put their microphones away and turn off the oscillo- 
scopes. Aks , "What do you think is the frequency range of the human voice*:*' 
(about 85-1100 cycles/ second) . Ask, "What do you think is the frequency range 
of human hearing?" (about 20-20,000 cycles/second). Frequencies in this 
range are called "audio" frequencies. 
Experiment 2: Diodes (20 minutes) 

Objective: Given a diode, batteries, and a bulb, participants will (a) observe 
that diodes allow current to flow In only one direction, and 
(b) identify the direction of current flow. 

Ask the c'ass what materials or components they think they will need to 
build a cryscal radio set. List their responses on the board. Responses 
vary greatly, but usually Include a "tuner", a transistor or Integrated 
circuit, an antenna, a plug or battery, a dial, etc. Explain to the class that 
all radio receivers need a detector of scnv3 sort. In the first radios, the 
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experiment *2 
Diodes 



Materials : 1 I1M34A diode, 3 batteries, -3 battery holders 
and clips, wire, 2 Fahnestock clips, 1 birthrisy 
candle, and a box of tnatches. 



1. A connnon type of diode suitable for use in cry^ a 
rodios is in a glass container *'ith twn wires, on«. 
coming out of each of the narrow c ' 



Inside this glass container is a smull piece of germaniuin. 
Touching the piece of germaniuin is a sharp wire. 



Experiment 12 (continued) 



2« Connect the circuits below. To the right of each 
circuit, describe what happens to the light bulb. 



1 

1_ 



piece of germanium 

Any manufactured diodes which are like the Archer diode 
I1N34A can be used for simple radios. The Archer dicdes 
you are using come in a package of 10 diodes for S 0.99. 

The electrical ayirbol for a diode is: 



-OD- 



The direction in which a diode is pointing is soiretiires 
important. Work with the circuits below may suggest 
to you some of the main properties of diodes. The 
symbol 



-str ipe 

corresponds to a diode with its stripe to the right. 



1 
1 



0) 



c) Gently heat the diode with a candle flame. 



i I 



What do you think a diode docs in a circuit? 



The symbol 



CBZ) 



corresponds tot 
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detectors were wafers of quartz crystal (hence the name "crystal" radio). 
Later crystals were replaced by vacuum tubes. In the radio that they will build, 
the detector is a diode. In Experiemnt #2, they will explore the properties 
of diodes. 

Have some children pass out the experiment sheets and materials. As you 
circulate around the class, encourage families to invent a model to explain 
how a diode works. In trial classes, we found that the children were very 
creative in inventing models. The parents, however, tended to want to know 
what is "really" happening in the diode. 

When most of the participants have finishc L ask the class what they have 
discovered about diodes. Discuss some ol the children's models. Tell the 
participants that in the next session they will exanine further the purpose 
of a diode in a radio receiver. 
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Experiment 3; Uu> Iding a Crystal 

Radio Set (75 minutes) 

Objective: Given the materials, 
participants will be able to 

(a) build a crystal radio 
receiver, and 

(b) tune in at least one 
station. 

Show participants a com- 
plete: crystal receiver. 
Briefly explain the function 
of each component. The 
aluminum foil on the card- 
board makes the variable 
capacitor tuning plates. By 
opening and closing the plates, 
the radio can be tuned to 
differert stations. Show the 



Experiment 13 
Building a Crystal Radio SC 



to ground 



to antenna 




carphon* 



Elementary Science Study, "Batter lei and Bulbi II" 
Wabster Division of KcGraw Kill, N.y.. 1974. 
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Ksp«riMiit 13 looatinotd) 



1. wlndlft* A Coil 



Tb« tub* tttm • roll of naxvd p*v»t or flualnv toll 
!• • 90od for wlndln9 • coll on. 




ruacb two bol— about 1/3* to 3/4" froa —ah and of tb« 
cardboard roll. Uito oboot 1 foot of vlra «t tb« sod. 
On* poraoo eoa bold oAd amriad tba wlr* «bll« tb« 
Mcood p«r»on tvlata tbo tubo ta nlod tbo ooll. Xf 
yoo 9*t tlrod, txp« tbo ooll to tbo cardboard and 
raat yooc flsg^rs for a vtollo. 

3. Kodlo Tvaiov PUtoa 

to cboAfa atatiooa on •oat rodloa* yoo torm • dial. 
That dial U cxmfM»ctad to tonlof platai (vot labia 
capooltor) loald* tb« radio. Oftoo tbaoa tBslof plataa 
ara pioeai of oatal. cIom to^atbar but not toi>cbln9. 
«ban yo«i torn tbo dial, you brio* tba« elooar to^atbar 
or furtbar opart. 

Too eoA oak* taolo« plataa for a aiapli radio 7roa 
foldod cardboard* ualOQ piooaa of alualrua toll for tbo 
aotal pUtai and ploctie vrap to ko«p u« placoa of 
foil froA toucblng. To ebanva atationa wltb tbooa 
pUtaa* Boooaaa tba ^^Ivaa of tbo cardboard tofatbar 
wltb nor* or laaa praaaora. Tou will bava to aquoato 
tba tunln? plataa fUt to racalv* ac»t atatlooai for 
otbar itatlona* tba platai My bav« to ba opanod fairly 
•Idaly. 



BxparlMQt n Ccontlnuodl 



Cot a ploca of cardboard about 19* by 13». Oao 
a rttor bloda an^ rular to allt r.>>« cardboard oo 
It la aaty to fold. Do not rut All tba vay 
throtffb tb* cardboard. 

Cut twi plocaa of alcalOM foil bv 
tba toll to tba Inatructor for tpraylng "Itb 
alua. Olua tba two ab^ta of alualnun foil 
to tba Innar alda of U.a foldod cardboard. 



TaU two V«p4r :<sti'0*ri tgiehino tba a\f 1b»>b 
toll and p«;ab tbta tb«oo|S"tt^ cardboc«xd. 



ExparUant 13 loontiaoad) 



AttMb flra yabnaatock aprln* ellpo to yoor ploa board 
liitb tba wood acrawii aa ahovn balow. 



Tb« coll can ba bold to tbo cootar of tba board ultb 
carpat tacka. "oo^ yo^r tualog plataa* ooll* 
diodoi aitd oarpbooa aa obown on tba dla«raa on tba 
f Irat pa9a. 

Attoeb your cjitaaoa "Ira and froond wlra. »qoaa8a 
you tuning plataa to9«tbar nitb varioua aaounta of • 
praoaura uotiX yoo caa boor a atation. 



Tbo Circuit DiogrM of Tour Radio 

Lookln9 down dlrocUy obor* It* yoor radio olfbt Look 
aoMtbinv libo tbUt 




. Taka tuo oboata ot plaitle 'jJJ ^TLi^ 

foil* taping *o outJid* of tba foldod 

cardboard. Attoeb yohfttitoek opclof dipa uitb 



cardboard. Attoeb 
tbo p«pur foatoMr 




KsparlMOt 13 lonntlr.Qad; 



Tba rlaw Zroa abora oaa ba traoaLatod loto om aloetrlcal 
dlA^rao In *bJca tb* oyabolr oti atraiqbt linaa ara 
uaod to r«vra3«flt parta of tbe radio and olrat 



aatoooa ^ 

t 

f rooad j 



T 



tunln* pUtaa — ^'■ j^ 

aarpbona -^o^ 
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participants a variable air capacii-jr from an old radio, if you have one 
available. The foil plates correspond to the dial you turn to tune in irddio 
stations on your receiver. 

The plates will work best they are very smooth. The mora bumps or 
wrinkles they have, the less efficlenc they will be. Show the participants 
the part of the room where they can spr^^-glue the foil r.o the cardboard. 
The plastic wrap over the foil is to make sure the plates do not touch when 
they are close together. 

The induction coil is also part of the tuning circuit. The coil must be 
wound very carefully. Warn the participants that if they have wound several 
turns and then accidentally drop the tube, the coil will unwind and they will 
have to start over again. To avoid this, they should tape the coils to the 
tube about every 50 turns. Then they can stop and rest their hands for a few 
minutes • 

Pass out the experiment sheets and materials. You may want to supervise 
the spray-glueing. Otherwise, vculate around the class, giving help when 
needed. 

Home Activity (5 minutes) 

Objective: Given directions, the participants will be able to find the bco': 

antenna and ground in their homes for their crystal radio receivers. 

In the last few minutes of class, explain the home activity. Each family 

takes home their crystal radio set (with earphones), and the home activity 

sheets. Remind participants to bring their radio receivers and a screw driver 

to class the following week. 
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Mattflali for Ncnt Activity 14 

Tot tht homi activity thli wt«k. tak« ho** 

- tha radio you built In clan 

- »arphon« 

- 1 rahnaitock cllpa 

- dlod« 



Brinq all natarlali. Including your radio* to data ntKt wtttt. 
In addition* brinq froa haitt 

- a icrav driv«r. 



Nora Act ivlty 4 



1 



Antannaa i and Ccounda -±r 
rindlni) tht Btit Anttnna and Ground In Your Noma 



1 



A ntctiiary pirt of any radio rtctlvtr li tha anttnna. 
Hott pocktt portiblt and tltctric houst ridloa havt thtlr 
antannaa built into thtp. Almost alwayti « almplt radio 
lUt tha ona you built, rtquirts an txttrnal anttnna in 
ordtr for you to rtccivt volets and wualc loud tnough 
to hear. Tht bttttr tht antanna you uit. tha loudtr tht 
sound. and tha larqtr tht number of stations you will 9tt. 

Almost any lonq wirt or larqa pi«ct of rttal can ba 
ustd as «n antanna: mttsl window trswast scrawa on liqht 
switchts, flnqtr stops on ttltphontSi TV antannaa, 
vary lonq wlrts laid on tht floor» Itt out of a window, 
or taptd to a wall, mttal dtski or chairs, drain pip«a 
(sandpaptrtd at tht plact whtri wlrta froa th« radio ar« 
conntcttd). inttrcom buttona. mttal cablntta. wlrta 
fron a window to a trtt. ttc (Notti Bt aurt not 
to touch wsll outltts or lanp socktts.) 

A wlrt which la conntcttd froa tn tltctrlcal davlct 
(radio* ttltphont, taltqraph* ate.) to a w«t«r faucat* 
a drain plpa* a radiator, or any othtr pltct of mttsl 
that laada tvtntua)*ly Into tht tarth.la a grounding wlra . 
Tht mttal Itstlf It a ground . 

Tor tht almplt radio you built In class and for tha 
radios augqcitad in this homa activity pac^tt. a grrundlng 
Wirt Is littit mors than an additional anttnna. In 
otntr tltctrlcal work. a ground acta aa a prottctlon 
agalnat shock. 



An f.nttnna-rindtr land a Vtry Slmplt wadlo) 

Ont posslblt way to ttst things In your ho»« to 
att if thty nia<(t -jsablt anttnnas is to ust tht *anttnna* 
flndtr* picturtd on tht next pagt. whtn you hold ont 
of tht tnd clipa in your hand, your body btcomts part 
of tht tltctrlcal circuit *- a hunan anttnna or ground. 

Try tht anttnna flndtr o<i mttal objrcta. long 
wtrts. and any othar things list'id abovt which vay turn 
out to b« ustful as an anttn - or ground. Listtn 
carefully for faint volets oi music. Tht ob]tcts which 
product tha loudtat sounds will makt tht btst anttnna 
or (ground for your rad lo. 



Tht Antanna^r Indtr 




Kent Activity 4 (continutd) 



After you havt found tht b-* i 
your hort. connect your radio (. . < 
trany stations can you rvctlvt? 
broadcasting frtqutncy? Try -.ur 
day and In tht tvtnlng. Dots 
dtfftrenct In tht nunbtr of sta' 
Can you think of any reasons v.-.' 



II. Soirt Cxptrlmtnts with Your Fadu 

Onct you havt found a good an * 
your homt. you iray want to try a^^- o j 
txptr iments. 



.-ound in 
Now 
a?r *hey in 
.Ci djring the 
i4^t a 
ceivt? 



' d ground in 
a following 



1. what happtns If you dlaconntct tht anttnna wirt? 

2. what napptna if you dlaconntct tht ground wirt? 
1. what happens If you take out ths dlodt? 

4. What happtns If you takt out tht coll7 

). What happens If you takt out tht tuning plattt? 



6. You could try rxaiiing tun Ing -pittas of difftrtnt sltts 
(vary largt and vtry inail). what eff<>'-*. do different 
site tuning platca havt on tht numbet r stationa 
you can receive and (.he quality of the lound? 



earphone 

®- 



^ — r r^" - 



clip 
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T. Do *wo earphonea. c'te for each ear. itf>prove your radto> 



If you put a battery d.) voltst into your radio, 
perhaps between the earphone and t^e dtode. w;ll 
your radio worn better* 
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Host Activity 4 (continued) 
lit. Othtr Hadlo Circuits 



You ««y with to df»l9n or invent Dtnir tUplf rtdio 
circuits* Hfr« art »o»t circuits you could try. 



1. Slnplt rsdloi 



"1 



-OB- 



T 



2. Connsct sn «nttnns*f Indsr to « coUi tunln9 pUtasi 
and an antinnai 



QD ' O B- 



Dots this rsdlo mok% it you rsvirts ons tht dlodsi? 
Both of ths d lodti? 



HOM ACtivUy « <rontinufd> 



If you wind snothtr coit snd rfs«f snothtr '.uninq 
plstf. you can conntct two si^plt radios toqsthtr. 
(Vou can buy wirt at all tltctronics snopa. Tht 
Itast ■■ptnalvfl wlrt can b« found at Ax Man Surptua 
and ACMs tltctronics Inc.) 




Dots this radio work bvttsr than s alngls radio? 



Hoias Activity 4 icontlnusdj 
tV. A Sttsll Box Radio 



1 

6 



alu«lnu« foil and plastic wrap 
i|lusd to pltcs of cardboap' 




sluiKtnutB foil qlutd to tht 
insids front of tftc box 



Circuit Dla9raii 
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Session 5 
An Audio Amplifier 

OVERVIEW 

Participants are introduced to the basic theory of radio transmission and 
reception. They use an oscilloscope to observe amplitude modulated and rectified 
wave patterns on their crystal radio receivers. They also measure the broad- 
casting frequency of the radio station to which they are tuned. Participants 
learn how transistors can be used to amplify an audio signal. They build 
an audio amplifier (with an integrated circuit) and connect the amplifier to 
a speaker, battery, and their crystal radio receiver. 
MATERIALS 
For each fami ly : 
Speaker : 

1 5-1/2" X 5" board with 2-1/2" hole 

1 5-1/2" X 6" board 

2 1-1/2" nails 

4 #6 round head wood screws 

2 8n 

Ampl i f ier : 

1 5-1/2" X 8" board 

12 Fahnestock clips 

12 #6 round head wood screws 

1 6V battery 

1 - -t 

1 LM 386 ^udio Amp. (or substitute) 

1 220 Mr 16V electrolytic capacitor (axial) 

2 IC MF 25V electrolytic capacitor (axial) 
1 0.1 MF 50V capacitor (mylar) 
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1 0.22 MF 50V capacitor (mylar) 
1 lOA 1/4W resistor 
1 lOOfl 1/4W resistor 
1 lOK audio taper resistor pot 
For the class: 

Oscilloscopes and probes 

#2N1305 PNP germanium transistor (optional) 
old radio (taken apart, optional) 
resonance demonstrations (optional) 
overhead projector 
6 transparencies 
set of handouts 
ADVANCE PREPARATION 

1. Oscilloscopes and Antenna 

Arrange the tables, oscilloscopes, antenna wire, and group wire in your 
classroom in the same way as for the fourth class session. If you have cne 
oscilloscope. Experiment #1: Amplitude Modulated and Rectified Waves can be 
done as a demonstration. 

2. Speaker Holder (Experiment #3) 



Each family will build one speaker holder, f;hich consists of two pine 
boards hammered together, as shown in the diagrams below. 




71 



For each family cut one 5^* length and one 6'* length from a 1** x 6** pine board. 
In the length, use a 2'» or 2-l/2»* hole saw to drill a hole through the board. 
Center the speaker over the hole and mark the screw holes (you may want to make 
a template.) Using a 3/32'* drill bit, drill four holes (for the screws to hold 
the speaker to the board). You may also need to solder two 18*' lengths of //24 
insulated solid wire to the speaker connections. 



2'» or 2-1/2" 
hole 




6" 5" 

3, Amplifier Board 

Each family will build one amplifier, as shown in the diagram below 
(top view). 

capaci tor WJ^ resistor 
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The amplifier consists of an LM 836 integrated circuit (IC), frUo amplifier, 
and 8-pin IC socket, two 1/4 watt resistors, one audio taper pot, two mylar 
capacitors, and three electrolytic capacitors (see page 81 for an explanation 
of the purpose of these compon^ints . ) 

For each family, cut an 8'» length from a 1" x 6*' pine board. Using the 
template on the following page, drill twelve holes in the board with a 3/32*' 
drill bit (for attaching the Fahnestock clips.) Use needle-nose pliers to 
gently bend 8 pins of the IC socket, as shown in the diagram. In trial classes 
we used 14 pin sockets; the remaining 6 pins were removed from the socket. 

older a 1-1/2*' length of #22 or #24 insulated solid wire onto each pin. 
Different colored wires are helpful for identification of pins. Finally, 
solder 8" tolO" lengths of #22 or #24 insulated solid wire to the three 
connectors of the audio taper pot. (You may want to instruct participants in 
soldering and have them solder these wires.) Again, different colored wires 
are helpful for identification. 

Prepare a ziplock bag for each family containing the wood screws, Fahnestock 
clips, nails, and electric components needed to build the speaker holder and 
amplifier board. Build and connect a speaker to an amplifier board and radio 
for participants to use as a model. 
4. Demonstrations 

If you have an old radio available, you may wa.it to dismantle the radio 
so that the components can be easily identified. In trial classes, we found that 
the participants particularly enjoyed tracing the connection of the antenna to 
variable capacitor and inductor (the tuning circuit). 

You may also wish to prepare a demonstration of resonance phenomena to 
help explain the tuning circuit of a radio receiver. In trial classes we have 
used both springs with weights and sound tubes. These demonstrations are 
designed to be used as analogies to the resonance phenomena that occurs in radio 
tuning; the tuning circuit is not explained in detail. 
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(a) Springs with Weights: Attach two springs (with different spring constants) 
to a stand and suspend identical weights from each spring. Tap a weight 
with your finger using different tapping frequencies. At most frequencies 
of tapping, the weight merely jiggles. At one frequency, however, the 
weight bounces up and do^^m ^.n'f-h a large amplitude. This frequency is 
called the "resonant" frequencey. 

Demonstrate that the resonant frequency of the second spr^'- i is 
different. Changing the spring is like changing the capacitance of the 
tuning circuit of a radio (moving the plates closer or farther apart); 
a different radio frequency resonates. You may also demonstrate that 
changing the weight suspended by the spring changes the resonant frequency. 
This is similar to changing the inductance of the coil in a radio tuning 
circuit . 

(b) Sound Tubes; Connect a sine wave generator to a small speaker. Flace a 
mailing tube near the speaker diaphragm and slowly increase the frequency 
until resonance occurs. Remove and replace the tube several times so 
participants can hear the difference in loudness, '^ith a ^iven length 

of tube, there is only one resonant frequency. Now use a second, longer 

or shorter tube. Demonstrate that the resonance frequency is different. 

Changing the length of tube is like changing the distance between the 

plates of the capacitor in a radio tuning circuit. 
TEACHING SUGGESTIONS 
Getting Started (5-10 minutes) 

Ask the participants if they have any questions about the home activity. 
In trial classes, some families asked why they could not tune in more than one 
station. If they live near a radio transmitter, the signal from this station 



96 



Session 3 
Trnnsparency //'3b 



Station C 



Station 



75 



dominates. Some families asked how they could tune more stations. You can 
show them how to make the coil into a variable inductor. The children wanted 
to know how to make the radio louder. 
Discussion; How a Radio Works (20-25 minutes) 

Objective: The participants will be able to explain the basic theory of 
radio transmission and reception. 

Explain the basic theory of radio transmission and reception. Imagine 
a circuit with a long wire called a transmitter antenna. We have seen that a 
current-carrying wire has a magnetic field around it (Oerstad experiment). 
Now suppose that the current in the antenna wire is made to oscillate, or flow, 
first in one direction, then in the opposite direction. The magnetic field 
(and the electric field) around the wire will change in both strength and 
direction. These oscillating magnetic (and electric) fields propagate through 
space in all directions and are called electromagnetic waves. Electromagnetic 
waves travel at the speed of light, 186,000 miles/second. 

Suppose that the electromagnetic wave from the trrinsmi t ter antenna cuts 
across a second long, vertical wire some distance away, a receiver antenna. We 
know that when this happens, a small current is induced in the receiver circuit 
(electromagnetic induction). This current will oscillate in the same pattern 
as the original current in the transmitter antenna. The current in the trans- 
mitter can be made to oscillate in the same pattern as voice or music by using 
a microphone. At the receiver, tho induced current can be amplified and used 
to drive a loudspeaker. 
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Project transparency #1 on the overhead projector. Explain that 
the amplified audio current from a microphone cannot be used to transmit electro- 
magnetic waves. The frequency of audio current is between 15 and 10,000 cycles/ 
second. The electromagnetic waves generated at these frequencies are very weak, 
and are quickly absorbed by air and other objects. The transmitting antennas 
would have to be 4 to 10 miles long to efficiently transmit these frequencies. 
Moreover, all transmitters would operate at the same frequency range and there- 
fore, signals from different stations could not be separated at the receiver. 

These problems are overcome by superimposing the audio signal on a high- 
frequency radio carrier signal. Radio carrier frequencies range from about 
550,000 cycles/second (550 kilocycles or 55 on your radio dial) to about 
1,500,00C cycles/second (1,500 kilocycles or 150 on your radio dial). At these 
frequencies, with transmitting antennas ranging from 160 to 450 feet, electro- 
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magnetic waves can be transmitted with maximum efficiency. Moreover, each 
radio station can broadcast at a different carrier frequency, so they don't 
interfere with each other. 

The effect of mixing audio signals with a radio frequency is to increase 
or decrease the amplitude of the radio frequency carrier wave in accordance 
with the variations of the sound or audio frequency. The carrier wave has an 
"envelope" with the same shape as the audio frequency wave. This process is 
called amplitude modulation or AM radio broadcas t ing . You may wish to mention 
the second means used to put information on a radio frequency carrier, frequency 
modulation, or FM radio broadcasting. 
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Project transparency #2 and explain how the radio recei-ver works. Many 
signals are received by the antenna of a radio receiver. To select a signal, 
the radio receiver must be "tuned" to the radio carrier frequency. The inductance 
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coil and variable capacitor are used to do this. When you turn your radio 
dial to different stations, you are increasing or decreasing the air space 
between the capacitor plates. At different settings, the tuning circuit will 
respond to only one carrier frequency. If you have an old radio available, 
show the participants the tuning circuit and antenna. If you have the demon- 
stration equipment available, you may want to demonstrate the resonance 
phenomenon. 

After a signal is selected, it is sent through a detector. Most detectors 

are diodes or transistors. You know that a diode will allow current to flow 

in one direction only. The diode "rectifies" the modulated signal, eliminating 

the negative half of the wave so the wave pulses are all in one direction. 

There is now a direct current signal which is made up of a carrier and the 

audio signal. By passing the signal through a filtering device (usually a 

resistor and a capacitor), the carrier part of the rectified wave is removed 

and only the audio signal remains. The audio signal can be sent directly to 

earphones or ampliiied and used to drive a loud speaker. If you have an old 

radio available, show participants the relevant components. 

Experiment 1: Ampl itude Modulated and Rectified Waves (40 minutes) 

. Objective: Given a radio receiver and an oscilloscope, participants will be 
able to: 

(a) observe amplitude modulated and rectified wave patterns, and 

(b) measure a radio frequency. 

Explain to the participants that they can connect an oscilloscope to their 
radio and observe amplitude modulated and rectified wave patterns. They can 
also use the oscilloscope to measure a radio broadcasting frequency, in the 
same way they mea^ared an audio frequency last week. Project transparency 
#3 and ask, "Where should the oscilloscope probe be placed to look for an 
amplitude modulated wave pattern?" (draw in the probe). Ask, "Where should 
the oscilloscope probe be placed to look for a rectified wave pattern?" (draw 
in the probe). 

ERIC i^'O 



80 



Tc«ntp«i«ncy |] 

HOW TO CONNECT YOUR OSCIUOSCQPE TO YOUR fUOlO 




Owlllotcopc 



Pass out the experiment sheets. Circulate around the class, helping with 
oscilloscope connections and triggering. Some participants will need help in 
"finding" the amplitude modulated signal. Usually they have the vertical gain 
set too low, or the horizontal gain too high. Some participants also forget 
to disconnect the earphones before attaching the oscilloscope probe. 
Some participants also need help in calculating a radio frequency. 

If you have more than two 'ainilies per oscilloscope, you can divide the 
class into two groups. One group can do the optional activity, "A Transistor 
in Your Radio," while the second group uses the oscilloscope. After 15-20 
minutes, switch the two groups. If you have one oscilloscope, you can do 
this experiment as a demonstration. 

When the participants have all seen amplitude modulated and rectified 
waves, have them disconnect the probes and turn off the oscilloscopes. Discuss 
briefly the radio frequencies that they measured. 
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Discussion of Amplification (10 minutes) 

Objective: Participants will be able to explain how transistors are used 
to amplify audio signals. 

Explain to the participants that the induced current in their radio circuit 

is sufficient to drive a small earphone, but not large enought to drive a speaker. 

To drive a speaker, the audio circuit needs to be "amplified** without distorting 

the frequency pattern. Transistors are commonly used for amplification. 

Project transparency /?4. Explain that transistors are made from the 

same materials as diodos. They have three connections instead of two — a base, 

a collector, and an emitter. When a transistor is used for amplification, it 

cannot "create" more current. What it does is act like a switch to "turn on" 

the current in another circuit with a battery. 

Point out the two circuits — 
the control circuit with the 
microphone and the working 
circuit with the battery and 
loudspeaker . If the microphone 
is not connected in the control 
circuit, the transistor blocks the 
current in the working circuit 
like the diode. To make current 
flow in the working circuit, 
there has to be a signal or small 
current to the base of , the tran- 
sistor. When someone talks into 
the microphone, a small audio 
current is produced at the base. 
The transistor then acts like a 
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switch and **turns on" the working circuit, so a large current flows from the 
emitter to the collector. Moreover, the current in the working circuit varies 
in exactly the same way as the audio current to the base. The current in the 
working circuit is now large enought to drive the speaker; 

Explain that the circuit shown in this diagram would not really work as 
shown; some components are left out. Amplifiers need cwo or more transistors 
plus some capacitors and resistors to filter unwanted frequencies. Explain 
to the participants that the audio amplifier they will build today had in it 
the equivalent of ten transistors. These transistors are, however, on a small 
chip called an '^integrated circuit" or IC chip. 

Experiment #2; Building an Audio Amplifier (80 minutes) 

Objective: Given appropriate materials^ participants will be able to: 

(a) follow a circuit diagram to build on audio amplifier, and 

(b) trouble shoot the amplifier (make it work) . 

Show the participants a completed amplifier board. Project t L'ansparency 
#5 which shows a top view of the Fahnestock clips and electronic components 
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on the amplifier board. Pass out the ziplock bags with electronic components. 
The following procedure can be used to help participants both identify the 
electronic components and discriminate bewteen the components: 

(1) hold up a component and describe its identifying characteristics, 

(2) on the overhead projector, show the location of the component in 
the circuit. 

(3) instruct the participants to find the component in their ziplock 
bags. Participants should be able to discriminate between the two resistors and 
the two mylar capacitors, find the positive and negative ends of electrolytic 
capacitors, and find the small dot in the IC which identifies pin #1. Caution 
participants to carefully align the IC pins with the socket when inserting the 
IC, so the pins do not get bent. 
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Have the children pass out the experiment sheets and remaining materials. 
Circulate around the class and help participants to troubleshoot their circuits. 
In trial classes, we had one IC that did not work, and a few cold solder joints 
which caused particular problems. Most problems, however, arose from incorrect 
connections (e.g., resistors reversed, connections to or from radio incorrect, 
ground wire not connected, etc.) As you help participants, try to model good 
troubleshooting behavior by instructing participants to systematically check 
connections . 
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Optional: Describing the Function of the A mplifier Parts (10 minutes) 

Objective: The participants will recognize that each electronic component 
in the amplifier has a specific function. 

If you have time, and the class is interested, you may want to briefly 
describe the purpose of the capacitors and tesistors connected to the IC, 

Psroject transparency #6. 
Explain that the triangle is a 
common symbol for an integrated 
circuit amplifier. Give the 
following brief explanation of 
the purpose of the components 
connected to each pin of the IC: 
(1) lOjiF capacitor and lOK 

pot to pin 3: These com- 
ponents are a "coupler" to 
the radio. They "attenuate" 
or great ly reduce the radio 
frequency, so only the audio 
voltage (current) passes to. 
the amplifier.* 

(2) 10 capacitor and lOOAresistor between pins 1 and 8: These components 
determine the gain or how much the chiP will amplify. The LM 386 IC can 
have a gain between 20 and 200, depending on the value of the capacitance 
and resistance. 
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0.1 nF capacitor and lOilresistor from pin 5: these components prevent 
the IC from **ringing" or oscillating. The LM 386 is also commonly 
used as an oscillator, a device like a sine wave generator that produces 
oscillating current. To use the IC as an amplifier, we must stop it from 
oscillating. 

220 capacitor from pin 5: This capacitor acts as a '*decoup ler'* from 
the amplifier to the speaker. It eliminates the direct current voltage 
and only allows the audio voltage to pass to the speaker. 
0.22 |i>F capacitor parallel to the battery: You may have noticed that the 
electronic components in radios and TV sets usually have very short wires 
soldered to printed circuit boards. There is a reason for these short 
wires. The amplifier you built had longer wires which act like antennas 
and pick up radio static. The 0.22 ^F capacitor eliminates this static. 
If the component leads were cut very short and soldered to a circuit board, 
this capacitor would not be needed. 
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Participants usually have difficulty understanding how less 
current can flow in a series circuit and more current can flow in a 
parallel circuit (as compared to a one-bulb circuit). This difficulty 
stems from two misconceptions about electrical current: 

(1) A battery must always put out the same amount of current. 
A battery does not have a "brain", so it cannot know what 
circuit is attached to it. 

(2) A bulb '*uses up" electrical current. Everyone has an intuitive 
feeling that something is "used up" (not conserved) in electrical 
circuits. The bulb gives off light and heat, and a battery will 
eventually run down. Many people have the idea that it is the 
electrical current that is "used up". 

Some of these problems can be overcome by introducing a water flow 
mode electrical current. In this model, electrical current is 

like water flowing through hoses or pipes. The hook-up wires are very 
large pipes; the filament of a bulb is a very narrow pipe. The battery 
can be thought of as a faucet or a very large reservoir of water and a 
pump. The water is never "used up"; it continues to flow round and round 
the "circuit**. Eventually, however, the pump will wear out (the battery 
will run down). Diagram 1 
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To introduce the water flow model to the participants, you can ask 
them to consider a garden hose attached to a faucet. If someone steps 
lightly on the garden hose, the hose becomes narrow, and less water flows 
throught the hose. This is like comparing a short circuit to a one-bulb 
circuit- 
Suppose that two people step lightly on the hose. The hose is now 
narrow in placets , like a series circuit. Less water flows through the 
hose with two narrow places than if there is only one narrow place. 
Now imagine attaching a connection to the faucet so there are two hoses 
(see diagram below). With two hoses, there is twice as much water flowing 
from the. faucet. This is like a parallel circuit. 



Diagram 2 
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The best way to compare current flow in short, one-bulb, series, and 
parallel circuit is to demonstrate water flow through glass "circuits". 
Have a glassblower make four "circuits*' out of 80 mm OD glass tubing, as 
shown in the digram above. 

The constrictions should be as close to the same diameter as 
possible. Attach a ^" ID latex tubing to the glass tubing, and a 
clamp (screw compression or pinch clamp) to one end of the tubing, as 
shown in the diagram on the next page. 



114 



93 



Diagram 4 




Hold each glass "circuit" with a clamp to a ring stand. Fill a 
bucket with colored water and put the latex tubing into the bucket. 
The bucket must be positioned above the glass circuits. Siphon water into 
each glass circuit, making sure there are no air bubbles in the tubes. 

For the demonstration, collect and measure (with a graduated 
cylinder) the amount of water that flows through. each circuit in a 10 to 
15 second interval of time. Be sure to fill the water bucket to the 
same level before each measurement. First measure the amount of water 
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flows through the short circuit. Ask the participants to predict 
how much water they think will flow through the single bulb circuit in 
the same time, and then measure the amount. Next ask the participants 
to predict how much water will flow through the series circuit, then 
measure the amount. Finally, ask the participants to predict how much 
water will flow through the parallel circuit, then measure the amount. 

The measurements will not be exact (because of friction in the tubes 
and the fact that the constrictions are not exactly the same size). 
They are close enough, however, to show that there is less flow in series 
circuits and more flow in parallel circuits as compared to a one-bulb 
circuit . 
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Several optional demonstrations are described below. The equipment for 
a few of these demonstrations needs to be constrjcted; most of the demonstra- 
tions use commercially available equipment. The demonstrations are designed 
to help participants understand the concepts taught in this course. You may 
wish to substitute your own favorite demonstrations. 

Oersted Experiment and Ampere's Right-Hand Rule (Session II or III) 

Materials: Knife switch and battery or power supply, wire, and Miller Magnetic- 
Field-Abc-Jt-Conductor Demonstrator (Central Scientific #71942-085). 

This apparatus consists of a rectangular aluminum frame mounted on a 
transparent plastic base (for 
use with an overhead projector). 
Midpoint oh the upper cross- 
member of the frame is a 
magnetized steel needle which 
rides on a pivot. Concentrically 
mounted to one upright of the 
frame is a clear plastic disk which 

serves as a platform for small transparent compasses or iron filings. The 
compasses or iron filings can be used to show that a magnetic field circles 
a long, straight wire which is carrying current. 

Magnetic Field Around a Solenoid (Session II or III) 

Materials: Knife switch and battery or power supply. Miller Magentic 
Solenoid Demonstrator (Central Scientific #71937-008). 

This apparatus consists of a 

series of continuous coils of heavy 

wire anchored in transparent plactic 

(for use with an overhead projector). 

Iron filings can be used to show the 

magnetic field around a solenoid. 
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Electromagnetic Induction (Session III) 

Materials: Demonstration galvanometer, battery and knife switch or power 
cupply, bar magnet, iron bar, primary and secondary induction 
coils (Central Scientific #79750-000). 






There are several demonstrations you can do with this equipment. Each 
demonstration described below is designed to show that when the magnetic field 
across a wire changes , a current is induced in the wire (Faraday's Law of 
Electromagnetic Induction) . 

1. Connect the primary coil to a 
galvanometer. When a magnet is 
moved into or out of the coil, a 
current is induced in the coil. 
When the magnet is held stationary 
inside the coil, there is no 
induced current. 

2. Connect the primary coil to a 
battery or power supply and the 
galvanometer. When a soft iron 
bar is moved into or out of the 
coil, the current changes. There 
is an induced current in the same 

direction or in the opposite direction to the current flow, resulting in 
an increased or decreased total current in the circuit. 
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3, Connect the primary coil to a 
battery or power supply and a 
knife switch; connect the secondary 
coi 1 to the galvanometer (secondary 
coil rests inside primary coil). When 

the switch is opened or closed, a current is induced in the secondary coil. 
When there is a steady current in the primary coil, there is no induced 
current in the secondary coi 1 . 

4. Connect the primary coil to a 
battery or power supply; connect 
the secondary coil to the 
galvanometer. When the secondary 
coil is moved into or out of the 
primary coil, a current is induced in the secondary coil. When the secondary 
coil is stationary inside the primary coil, there is no induced current in 
the secondary coil. 

Electromagnetic Induction (Session III) 

Materials: Large, powerful horseshoe magnet, c il of wire, flashlight bulb 
and socket. 

In trial classes, the most 
dramatic and convincing demon- 
stration of electromagnetic 
induction was the lighting of 
a flashlight bulb by moving a 
coil of wire through the field of 
a large, powerful horseshoe magnet. 
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Make a coil of wire about in diameter with about 150 turns of #20 bell 
wire. Connect the two ends of the wire to a socket which holds a 1.5V flash- 
light bulb. 

Variable Resistance of a Carbon-box (Session II) 

Materials: 1/2*' carbon made from carbon rod of a #6 dry cell, two #6 

1/2" or 3/4" stove bolts, four #6 nuts, two washers, pill vial, 
small box, charcoal or carbon grains, 3V battery, wire, and a 
demonstration galvanometer. 

This demonstration shows that when carbon grains are closely packed, their 

resistance decreases (more current); when carbon grains are loosely packed, 

their resistance increases (less current). It can be used to augment a discussion 

of how a telephone transmitter works. 




6 



Cut two 1/4" slices from a carbon rod taken from a #6 dry cell. Drill 
a hole in the center of each slice for a #6 stove bolt. Find a pill vial 
about the same diameter as the carbon slice, and a small box. Assemble the 
pieces as shown in the diagram. Fill the pill vial with charcoal grains. 
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When the carbon rod is resting firmly on the charcoal, the galvanometer 
should register a current flow. Press down on the carbon slice, and the 
galvanometer registers an increase in the current. Let go or loosen the 
charcoal and the galvanometer registers a decrease in the current. 
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APPENDIX C 



OSCILLOSCOPE INFORMATION 
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The oscilloscopes for this course need to have sweep times fast 
enough to measure a radio frequency (at least 1 psec/division) • To check 
if an oscilloscope has the required sweep rate, look under "sweep section", 
"sweep time", "calibrated sweep rates", or "time base" when examining the 
oscilloscope specifications. Two other oscilloscope features are convenient 

(1) dual trace, so two families can work at one scope simultaneously, and 

(2) automatic triggering. 

Appropriate dual trace oscilloscopes are sold by several scientific 
supply houses (e.g.. Fisher, Central Scientific, Thorton, Pasco, and 
Tektronix). The cost of these scopes ranges from $800 to $1500. In 
trial classes we found the most reliable and easy-to-use oscilloscopes 
were Tektronix scopes. For e.xample, the Tektronix 2213 (60 MHz) dual 
trace oscilloscope only costs $1100. It has a full 8 x 10 cm CRT, color- 
codec knobs, and automatic triggering, intensity and focus. It is small 
(SV high, 13" wide and 20" deep) and only weighs 13^ pounds. 
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Experiment #1 
Some Predictions 



Materials: battery, bulb, 2 wires. 



1. Try to light the bulb using a battery, a bulb, and two 
wires. A few of the many patterns you can try are shown 
below. Try to predict whether or not the bulb will 
light before you set them up. 




B 






2. Predict in which examples below the bulb will light. 
Mark a for those which you think will light, and an 
X for those which you do not think will light. If 
you are not sure, you can then test your prediction. 
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Experiment #2 
Examining the Bulb 

Material s: battery, battery holaer, 2 battery clips, bulb, 
socket, 2 wires, magnifying glass. 

1. Make a circuit with a battery, battery holder and 
battery clips, bulb, and socket. Draw the wires. 

— \ 

( ) I I 



2. Look at a bulb through a magnifying glass. Hov; many 
big wires do you see? 

Light the bulb and look at the bulb with a magnifying 
glass. The small wire that lights is called the filament. 

3. Suppose that for the bulb to light, an "electrical 
current" must travel from one end of the battery, 
through the filament, and back to the other end of 
the battery. What must the inside of a light bulb 
look like for the filament to light? Cross out the 
diagrams of the bulb that do not explain what you 
know about how to light a bulb. Circle the diagram 
or diagrams that fit best. 
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Experiment #3 
Two Batteries 



Session 



Materials ; 



2 bf.;::teries, 2 battery holders, 4 battery 
clips, bulb, socket, several wires. 



Find all the ways you can to light one bulb with two 
batteries. Draw diagrams of your circuits below. 

For each circuit you discover, determine how the 
brightness of the bulb compares with the bulb in a 
single-battery circuit. Is the bulb brighter, dimmer, 
or the same brightness? 
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Experiment #4 
Two Bulbs 

Materials ; battery, battery holder, 2 battery clips, 
2 bulbs, 2 sockets, several wires. 



Find all the ways you can to light two bulbs with one 
battery. Draw diagrams of your circui tsBelow. 

For each circuit you discover, consider the following 
questions : 

(1) Do the two bulbs glow with the same brightness? 
How does the brightness of each bulb compare with 
the bulb in a single-bulb circuit? Are the bulbs 
brighter, dimmer, or the same brightness? 

(2) What happens to the brightness of the first bulb 
if you remove the second bulb from its socket? 
Does the first bulb glow brighter, dimmer, with 
the same brightness^ or go out? 
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Experiment: #5 

How Bright are Che Bulbs? 

Materials ; 2 batteries, 2 battery holders, 4 battery clips, 
2 bulbs, 2 sockets, several wires. 

Predict the brightness of each light bulb in the circuits 
below. Then build the circuits and observe the brightness 
of each bulb. Write very bright, bright, dim, or out for 
each prediction and for each observation. 



1. 



Pr ediction: 
Observation: 



Pr ediction: 
Observation: 




Prediction: 
Observation: 



Prediction: 
Observation: 
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Expe,. iiT^ent #5^ continued 




Prediction: 
Observation: 



Prediction: bulb 1 
bulb 2 

Observation: bulb 1 
bulb 2 

Prediction : 

Observation: 




r OPTIONAL CHALLENGES 
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Apartment House 

An apartment house has three apartments^ Each has 
a light and a switch, so that each apartment's light 
can be controlled by its occupant. The caretaker/ 
who lives in the basement, has a master switch. He 
can turn off the master switch at 11 o'clock at night, 
so that no apartment occupant can switch on his light, 
even if he wants to. 



Design a circuit to do this. 



Rocket Launching 

The President of Transylvania has a rocket ainied 
at the capital of Ruvitania. He can launch the rocket 
with a switch in his office. In case an emergency 
arises when he is not at work, he has given permission 
for his Minister of Defense and his Army Commander-in- 
Chief to launch to rocket. The president does not trust 
either the Minister of Defense or the Army Commander-in- 
Chief to act alone. He has given them switches so 
that the rocket will be fired only if both agx:ee to 
work their switches together , 



Design a switch circuit so that either the President or 
his two subordinates together can launch the rocket. 
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CHALLENGE SOLUTIONS 



Apartment House 



Caretakers 

Master 

Switch 



r 






Apartment 1 



Apartment 2 



Apartment 3 



Rocket Launching 



President 

_/ 



Ly 



y -J 



Rocket 



Minister 
of 

Defense 



Commander- 
in- 
Chief 
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The Light Telegraph 



Experiment 



Session 1 



Materials ; 2 batteries^ 2 battery holders, 4 battery clips, 
2 bulbs , 2 sockets , 2 switches , several wires . 



Add a switch to your basic battery and bulb circuit, and 
make the bulb light. Draw the v;ires. 



When you can light the bulb with a switch, you have made 
a telegraph seti 

Use two switches, two batteries, and two bulbs to make 
two telegraph stations. How can you hook up the two stations 
so that you can send light signals between stations? Draw 
your circuit below. 



Ask for the Morse code. Practice making the letters with 
the Morse code and sending messages. 

Use your Morse code to decode the answer to this question: 
"Why do birds fly south in the winter?" 






// 



• • • 



/ / . 



Write the names for your family members in Morse Code. 
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Materials for Home Activity #1 



For the home activity, take home: 

2 batteries 

3 bulbs 

2 battery holders 

4 battery holder clips 

2 switches 

3 sockets 
6 wires 

Return all equipment next week. In addition, bring from home: 

1 screw driver 
1 hammer 
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Home Activity L 



First, predict what will happen to the brightness of each 
bulb when the circuits below are changed as indicated. 
Then build the circuits and test your predictions . Write 
brighter, same brightness, dimmer, or out for each prediction 
and for each observa'-ion . 



1. 



X 

I 



1 (!) 

2 ® 



Place a 3rd Identical bulb 
in series with bulb 1 & 2 



I 



Prediction: bulb 1 
bulb 2 



Observation: bulb 1 
bulb 2 



:. r 



1 ® 

2 O 



I 71 



Place a wire parallel 



to bulb 2 



Prediction: bulb 1 
bulb 2 



Observation: bulb 1 
bulb 2 
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Place a wire between 



2 bulbs and 2 batteries 



i 
I 



Prediction: bulb 1 
bulb 2 

Observation: bulb 1 
bulb 2 



4. 



1® 

2 (D 



Place a 3rd identical tulb 
parallel to bulb 2 




Prediction: bulb 1 
bulb 2 

Observation: bulb 1 
bulb 2 
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Prediction: bulb 2 
bulb 3 

Observation: bulb 2 
bulb 3 



6. 




Remove bulb 2 




Prediction: bulb 1 
bulb 3 



Observation: bulb 1 
bulb 3 
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CIRCUIT SYMBOLS 



Instead of drawing pictures of the actual batteries, 
'dre, and bulbs which make up the circuits, most people 
rvho work with electricity use symbols for these items. 
These are the symbols that are widely known and used: 



T 



battery 



bulb 



wires 
joined 



wires crossed but not joined 




±> 
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Use these symbols to diagram the circuits you have made. 



CIRCUITS - SOME SIMPLE DEFINITIONS 



The definitions given in this booklet refer to circuits 
in which the batteries and bulbs are identical. The 
brightness of a bulb in a circuit is a qualitative indication 
of the amount of electrical current flowing through the 
bulb. Thus, if two identical bulbs glow with the same 
brightness, then the same amount of. current is flowing 
through each bulb. If one bulb glows brighter, then there 
is more current flowing through the brighter bulb than through 
the dimmer bulb. 



I . Closed Circuit 

A closed circuit can be defined as a complete, 
unbroken path of electrical conductors from one side of 
the battery to the other side. if a bulb is in the 
circuit, the path is through the filament of the bulb, 
which gets hot and glows. 



II . Open Circuit 

An open circuit occurs whenever a path is broken, 
such as 

(1) placing non-conducting materials (air, wood, 
plastic, etc.) in the path, 

(2) disconnecting a wire, or 

(3) opening a switch. 




\ 

V 
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Some open circuits 



(1) (2) (3) 




Series Circuits 

A. Bulbs in Series: Two or more bulbs connected to a 
battery so that 

(1) all the bulbs light, but are dimmer than in a 
single-bulb circuit, and 

(2) if one bulb is unscrewed, all the other bulbs 
go out. 

Some series circuits: 




For series circuits, there is only one path fo. he 
current, so all the current from the battery flows 
through the first bulb, then through the second bulb, 
then through the third bulb, etc. Since the bulbs are 
dimmer, there is less current flowing from the battery 
in a series circuit than in a one-bulb circuit. 



B. Batteries in series: Two or more batteries connected 
to a bulb so that 

(1) the bulb glows brighter than .in a single-battery 
circuit, and 

(2) the positive side of one battery is connected 
to the negative side of the nex^ battery. 
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Some series circuits: 






Since the bulb is brighter, there is 
flowing out of the batteries connected in 
from a one-battery circuit. 



more current 
series than 



Parallel Circuits 

A. Bulbs in parallel: Two or more bulbs connected to 
at battery so that 

(1) all the bulbs glow with the same brightness as 
in a single-bulb circuit, and 

(2) if one- bulb is unscrewed, all the other bulbs 
still glow with the same brightness. 



Some parallel circuits: 




Ul 



These diagrammed circuits are equivalent^ with 
each bulb lighting as though it has its own separate 
path with the battery. That is, wire "a" (in circuits 
2 and 3) is so ''large'' that it acts like a separate 
wire for each of the three bulbs in the circuits. 
Since each bulb has the same 'brightness as a single 
bulb, there is more current flowing from the battery in 
a parallel circuit than in a one-bulb circuit. 

The connections for Christmas tree lights and for 
the electrical outlets in your home are parallel 
connections • 

B. Batteries in parallel: Two or more batteries connected 
to a bulb so that 

(1) the bulb glows with the same brightness as in 
a one-battery circuit, and 

(2) the positive side of the first battery is 
connected to the positive side of the second 
battery, while the negative side of the first 
battery is connected to the negative side of 
the second battery. 



Some parallel circuits: 




The circuits above are equivalent; each battery has 
its own path with the bulb. Since the bulb is the same 
brightness, there is less current flowing out of each 
battery in a parallel circuit than there is from a 
single-battery circuit. Although two batteries in parallel 
will not deliver more current than one battery in a toy 
or appliance, they will last twice as long as one battery; 
the toy or appliance does not have to be opened as often 
to change the batteries. 
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If wire 2 is connected 
to the battery as shown, the 
bulb goes out and wire 2 aets 
very hot. This is called^a 
"short circuit". 



Very little current is flowing through the 
filament, and a large current is flowing through wire 2. 

Some short circuits: 




Whenever there is a path of wire directly from one 
side of the battery to the other, a large amount of 
current will flow through this wire; very little current 
will flow through any other paths with bulbs. 

In your home, short circuits occur when the insulation 
of two wires in a cord or inside an appliance wears 
away and the wires touch each other, creating a path 
of wire from one power line to the other. A large 
amount of current flows through the wires in the walls, 
which become very hot. To prevent a fire, fuses or 
circuit breakers are put into the circuit. 
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fuse box direction of current 

-> ► ► 



action of current 
-V — — ^ ^ 



to 

power 
lines 



lamp 



toaster 



blender 



short 
circuit 




A fuse consists of a thin strip 
of very soft metal, when a 
short circuit occurs^ the 
current flowing through the metal 
causes it to get hot and melt, 
breaking the circuit. Everything 
is turned off before the wires 
in the walls get hot and start a fire. 



A circuit breaker works on the same principle as a 
fuse except that its wire doesn't burn out. Instead, 
when heated, it acts as a switch and breaks the circuit. 
A burned-out fuse has to be replaced. A circuit breaker 
can simply be turned on again when the short circuit 
(or overloading) has been corrected. 



Comparing the current flow in one-bulb, series, and 
parallel circuits : ' 

one-bulb series parallel 



10 units 5 units 20 units 




Suppose we were to place a current meter (ammeter) 
in each of the above circuits and then measure how much 
current flows out of the battery in each case. if 10 
units of current were measured in the single-bulb circuit 
then: 
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1) we V70uld expect 5 units of current to flow 
through eac h bulb in the series circuit. 
Also^ the two bulbs would be dimmer than the 
single bulb in the one-bulb circuit . 

2) We would expect liQ units of current to flow 
through each bulb in the parallel circuit with 
a total of 2£ units being measured by the 
ammeter. Also^ each bulb in the parallel 
circuit would be as bright as the single bulb 
in the one-bulb circuit. 

There are two rules that can help you predict the 
brightness of bulbs in complex circuits. 

1) the more paths in the circuity the more current 
flows out of the battery ~~ 

2) the more bulbs in one path^ the less current 
flows through that path^ and the dimmer the bulbs. 



Can you use these rules to predict what will happen 
to the brightness of bulbs 1 and 2 when a third identical 
bulb is added to the circuity as shown below? 




Placing a 3rd bulb parallel to bulb 2 adds another 
path ^ to the circuity so the total amount of current 
flowing out of the battery increases . Since all this 
current must now flow through bulb 1, bulb 1 will glow 
brighter. However^ bulb 1 will not glow as bright as the 
bulb in a single-bulb circuit. After passing through 
bulb 1^ the current then divides; half the current flows 
through bulb 2 and half through bulb 3. There is now less 
.current flowing through bulb 2 than in the original 
series circuity so bulb 2 will glow dimmer. 

Try to use the two rules stated above to make your 
own predictions . 
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Experiment #1 
Explor ing Magnetism 



Session 2 



Materials: a tray of wood, metal, and plastic pieces, 

assorted magnets, a magnetic compass, and tape. 



1. Which objects on your tray are attracted to a magnet? 



2. Do all your magnets have both a north-seeking pole and 
a south-seeking pole? Use the magnetic compass or 
the demonstration magnets to identify the north-seeking 
pole of each of your magnets. Mark the north-seeking 
pole of each of your magnets with masking tape. 



3. List all the facts you know about magnetism. 
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Experiment #2 
Magnetic Fields 



Mater ials; cardboard magnet holder, cylindrical magnet, 
jar of iron filings, sheet of white paper. 



1. (a) Fold the magnet holder into its proper shape, as 

shown below. Place a magnet inside the slot of the 
magnet holder. Center the magnet in the slot. 



(b) Lay a sheet of paper over the ^ the magnet, 

and sprinkle iron filings onto j.t. Keep the 
sprinkler about six to eight inches above the 
paper. Notice how the filings tend to form into 
a pattern. 



(c) Gently tap the paper with your finger. Where do 
most of the filings go? Carefully bring your 
magnet holder and sheet to the instructor , who 
will spray your pattern with glue so you will have 
a permanent record. 




2. The iron filings are following the curved path of the 
"magnetic lines of force" surrounding the magnet. 
Magnetic lines of force are usually drawn with arrows 
going from the north-seeking end of the magnet to the 
south-seeking end, as shown on the next page. The arrows 
indicate the direction the north-seeking end of a compass 
needle would point at that location. 
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Experiment #2 (continued) 
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3. Optional Activity 

The diagrams below show the iron-filing patterns of 
two magnets. How must you place the poles of each magnet 
to obtain these patterns? Can you make patterns like 
these? 
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Experiment #3 
The Oersted Experiment 



Materials ; two batteries, battery holders, wire, switch, 
and a compass . 



1. Hook up the circuit shown below. 




t 




Place the compass away from any metal objects, including 
the legs of the table. 



Hold the wire above the 
compass in a north-south 
direction (parallel to 
the compass needle) as 
shown. Press down on the 
switch. Does the compass 
needle move? If so, in 
which direction does it 
point; east, west, south 
or in-between (southeast, 
etc.) ? 




N 



Now reverse the batteries so the current is flowing in the 
opposite direction. Again hold the wire above the compass 
in a north-south direction. Press down on the switch. 
Does the compass needle move? If so, in which direction 
does it point? 



Hold the wire over the 
compass needle in an 
east-west direction 
(perpendicular to the 
compass needle) , as 
shown. Press down on 
the switch. Does the 
compass needle move? 
If so, in which direction 
does it point? 

What happens if you reverse the batteries (current 
flow) and repeat this experiment? 
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Experiment #3 (continued) 



Session 2 




Tape the wire to the 
table or floor in a 
north-south direction. 
Hold the compass above 
the wire so the compass 
needle is parallel to 
the wire as shown. Press 
down on the switch. 
Does the compass needle 
move? If so^ in which 
direction does it point? 



Can you predict what will happen if you repeat t 
experiment with the current (batteries) reversed 
Test your prediction. 



this 

9 



5. Can you think of 
of the north end 
current-carrying 



a general rule to 
of a compass when 
wire? 



predict the direction 
it is placed near a 
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Experiment #4 
Solenoids and Electromagnets 



Materials ; a straw, a large steel nail, aluminum nail, 

and brass nail, 13 feet of wire, 2 batteries, 
2 battery holders ^ a switch, a magnetic compass, 
and a small container of steel pins. 



1. Wrap three layers of wire around the straw on the steel 
nail, following the directions giver, in class. Do not 
cut off the extra wire. 




2. Remove the nail from the straw. Connect the circuit shown 
below. 




Bring the end of the coil near the compass* Does the 
compass needle move? 

Keep the coil in this position and press down on the 
switch. Does the compass needle move? If so, how 
much does it swing? Is the effect bigger, smaller, 
or the same as in the Oersted experiment? 



3. Will your coil pick up pins? Test the coil and see. 

Slide the large aluminum nail into one end of the coil. 

Push down on the switch. Will the coil pick up pins 
now? 
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Experiment #4 (continued) 
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Slide the large steel nail into one end of the coil. 
Push down on the switch. Will the coil pick up pins 
now. What happens to the pins when you release the 
switch? You have made an electromagnet. Electromagnets 
are called temporary magnets. Can you explain why. 



4. What do you think the magnetic lines of force look like 
around your electromagnet? 

(a) Place your electromagnet inside the slot of the magnet 
holder. Center the electromagnet in the slot. 

(b) Lay a sheet of paper over the top of the magnet, 
and sprinkle iron filings onto it. Press down on 
the switch and gently tap the paper with your 
finger. How does the pattern of iron filings 
compare with the pattern for a bar magnet? 




(c) If you would like a permanent record of this pattern, 
carefully disconnect the electromagnet and bring 
the magnet holder and sheet to the instructor 
for spray glueing. 
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Experiment #5 
Building a Telegraph Station 



Materials : -electromagnet 
-wire 

-1.5 V battery 

-1 wood base (6" x 5^5") 

-1 wood piece (4" x 1%") 

-1 wood piece (3" x 1%") 

-1 steel band, bent at one end 

-2 steel bands (1 short, 1 longer) 

-2 corks 

-4 Fahnestock clips 
-5 nails (1%") 

-7 wood screws (5/8" or 3/4") 
-1 carpet tack 




1. Use your hammer and screw driver to build a telegraph 
station. Follow the diagram below and refer to the 
models in class. 



clapper holder 



clapper screw 



telegraph key 




switch (longer 
steel band) 



Experiment #5 (continued) 
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2. Troubleshooting your telegraph: Connect a 1.5 volt 
battery to your telegraph station, as shown in the 
diagram on the preceding page. Be sure the switch is 
open. For the telegraph to work, there are two critical 
distances which must be adjusted; (1) the distance 
between the nail head and the clapper (1/6" to 1/8"), 
and (2) the distance between the clapper screw and the 
clapper. The clapper screw should touch the clapper, 
but not push down on the clapper. 



clapper 
holder ^ 




clapper screw 
clapper 

electromagnet 



If your telegraph does not work, try making the 
following adjustments: 

(1) Remove the clapper holder and move the 
electromagnet up or down. 

(2) Bend the clapper either up or down. 

(3) Loosen or tighten the clapper screw. 

Good Luck! 
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Materials for Home Activity #2 



For the home activity, take home: 

1 telegraph station you built in class 

1 telegraph base 

1 bag with telegraph parts 

1 6V battery 

50 feet of wire 

1 home activity sheet and booklet "Electromagnetism and 
the Invention of the Telegraph" 

For next week, bring to class both of your telegraph stations. In 
addition, bring from home: 



1 screw driver 




Home Activity 2 
Connecting Two Telegraph Stations 



1. Make a second telegraph station like the one you made 
in class. 



. Use the 50 feet of wire to connect the two stations 
as shown in the diagram below. 




3. Suppose you are at station A and you want to send a 

message to station B. Should switch 1 be open or closed? 
Should switch 2 be open or closed? Experiment to find out. 

Complete the following rule: To send a message, my 

switch must be ^, and my partner's switch must 

^® • To receive a message, my switch must be 

and my partner's switch must be 



. Practice sending Morse code messages between rooms in 
you home. 
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Electromagnetism and The Invention 
of the Telegraph 



A delibera\.5> ^..arch for a connection between electricity 
and magnetism dates from at least as early as the eighteenth 
century. Benjamin Franklin (1706 - 1790) tried to magnetize 
a needle by electrical discharge. sir Edmund Whittaker in 
his History of the Theories of Aether and Electricity 
reports that "In 1774 the Electoral Acadamy of Bavaria proposed 
the question^ 'Is there a real and physical analogy between 
electric and magnetic forces?' as the subject, of a prize." 
In 1805 two French scientists attempted to determine whether 
a freely suspended battery would, like a magnet, point in 
a fixed direction relative to the earth. The connection 
between electricity and magnetism was finally discovered in 
1819 by Hans Christian Oersted. (1777 - 1851). 

Oersted was born in Denmark, ^nd as a young boy, worked 
in his father's apothecary shop (drug store). He later 
studied at the University of Copenhagen, traveled through 
Europe, and in 1806 was appointed professor of physics and 
chemistry at the University of Copenhagen. 

In 1819, Oersted (along with half of Europe's scholars) 
was experimenting with electric currents and magnetism. 
As part of a classroom demonstration, he brought a magnetic 
compass needle near a wire through which a current was 
passing. To his great surprise, the compass twitched! 
The compass pointed neither with the current nor against it, 
but in a direction at right angles to it. When he reversed 
the direction of the current, the compass needle turned 
and pointed in the opposite direction, but still at right 
angles to the wires. 




This was the first demon^rtrat ion at n connection between 
electricity and magnetism, so Uvot Oersted's experiment 
may be considered the foundation of the new study of 
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electromagnetism. Oersted wrote to all his scientific 
friends telling them of his discovery; then he published a 
report about his experiment in 1820. Soon all the scientists 
of Europe and America had heard the news and were busily 
experimenting with this new discovery. 




magnetic force circling 
the concept of lines of 
1867) was to generalize, 



One of these scientists 
was the French Physicist 
Andre' Marie Ampere (1775 - 
1836) . Within one week 
after Oersted's work 
had been reported to the 
French Academy of Science, 
Ampere showed that the 
deflection of the compass 
needle could be expressed 
by what is now known as 
the "right hand screw 
rule" • The r ight hand 
is imagined as grasping 
the wire through which 
the current runs, with 
the thumb pointing in 
the direction of the 
current. The fingers 
then indicate the direction 
in which the north pole 
of the a magnetic 
compass needle will be 
deflected . The compass 
will be deflected in the 
direction of the curling 
fingers at any point 
around the wires, so 
that one might imagine a 
the wire. This was the beginning of 
force that Michael Faraday (1791 - 



The magnetic field circles 
a long straight wire which 
is carrying a current. 
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In setting up the right-hand screw 
rule, one had to decide in which direction 
the current was traveling. There was no 
clear indication of that from the wire 
itself. It was a matter of convention only 
whether the current was flowing from the 
positive pole to the negative pole or 
visa versa. It see/ned natural to take the 
flow from positive to negative. That 
convention has been used ever since, 
although we now know that electric charges 
travel from the negative pole to the 
positive pole. However, taking things 
in reverse does not affect the physics as 
long as the definitions and directions 
are consistent. 

Ampere also worked with a coil of wire which he named 
a solenoid. He thought that if a wire were wrapped into a 
solenoid, the magnetic effect of the current would be 
stronger. He was right. The magnetism was stronger, but 
now it was concentrated at each end of the solenoid. A 
solenoid carrying a current acts like a bar magnet; each 
end of the solenoid is like a magnetic pole. 





magnetic field 
around a bar 
magnet 




The solenoid was only a weak magnet, but it was the 
forerunner of the most useful application of the magnetic 
properties of electric currents, the electromagnet. An 
electromagnet is a coil of insulated wire wound spirally 
back and forth in a number of layers around a soft iron core. 
When the wire is connected to a battery or another source of 
electrical current, an electromagnet behaves just like, and 
can be made much stronger than, any permanent magnet. 

The first electromagnet was made in 1823 by the English 
scientist William Sturgeon (1783 - 1850). Sturgeon was a 
shoemaker's apprentice in early life. He was educated in 
the army with the help of his officers who apparently 
recognized his ability. 

Sturgeon's own addition to Ampere's solenoid, perhaps 
accidental to begin with, was to wrap bare wire about an iron 
core making eighteen turns or so. The iron core concentrates 
or magnifies the magnetic effect. Sturgeon used an iron 
core bent in the shape of a horseshoe. He varnished the 
core to insulate it and keep it from short-circuiting the 
bare wire. His electromagnet could lift nine pounds — 
twenty times its own weight — while the current was running. 

Four years later, the American physicist Joseph Henry 
(1797 - 1878) made two small but very important improvements 
to the electromagnet. Henry came from a poor family, and 
at thirteen, was apprenticed to a watchmaker. There is a 
story that at the age of sixteen, while on vacation at a 




By placing an iron core through the solenoid, 
magnetism is concentrated and the magnetic field 
strengthened. 
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relative's farm, Henry chased a rabbit under a church building 
He crawled underneath, found some of the floorboards missing, 
and promptly abandoned the rabbit to explore the church 
There he found a shelf of books. One was a book called' 
^ctures on Experimen t al Philosophy , which he began leafing 
through. This book is said to have aroused his curiosity 
to such an extent that he returned to school. 

He entered the Albany Acadamy in New York, teaching at 

tutoring on the side to earn his tuition. 

w^!n ^^"^^ ^'^^"^ ^° ^"ter medical school 

when the offer of a 30b as surveyor turned him toward 

^^f.n^r'^^niK^^ 1826 he was teaching mathematics and 
science at Albany Academy. 

fh^MoJl? i^^^ "f^""^ ^t^^^ °^ Sturgeon's electromagnet and 
thought he could do better. The more coils of conducting 
wire one could wrap around an iron core, the greater the 
^fonf?''''^m!''^ °f magnetic field and the stronger the 
magnet. The only trouble was that when one started to wrap 

^S^^^^^"^! °^ ^^^^ ^^^^ around the iron core, the wires 
touched and short circuited. wires 

It was necessary therefore to insulate the wires 
insulation would not interfere with the magnetic field, but 
It would prevent short circuiting. Insulation was not easy 
to come by m those days, so legend has it that Henry 
tore up one of his wife's silk petticoats for the purpose. 
In the years to come a great deal of Henry's time was put 
aEout wtr^"' "'"^ °' wrapping'^nluLtion 



HFi- ^ II ^^^^ developed an electromagnet that would 
lift more than one ton of iron. m 1832 he was rewarded 
with a professional appointment at Princeton. But electro- 
magnets were more than a matter of brute strength. Henry 
built small, delicate electromagnets that he used in an 
elementary telegraph that operated through a mile of wire 
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Imagine a small electromagnet at one end of a mile of 
wire, with a battery and a key at the other end. When the 
key is pressed and a current flows, a soft iron bar held 
by a spring is pulled towards the coil* If the key is 
then released, the current is broken, the electromagnet 
loses its force, and the small iron bar is pulled away by 
the spring attached to it. By opening and closing the key 
in a particular pattern, the iron bar a mile away can be 
made to open and close, clicking away in the same 
particular pattern. 

However, the longer the wire, the greater the resistance 
and the smaller the current flowing through the wire. 
There is, then, a practical limit to the distance over 
which such a pattern can be sent. To overcome that problem, 
Henry invented the electrical relay in 1835. A current just 
strong enough to activate an electromagnet would lift a 
small iron key. This key, when lifted, would close a second 
circuit with a battery so more current would flow in this 
second circuit. This, in turn, would activate another relay, 
and so on. In this way the current would travel from relay 
to relay and could cover long distances without weakening. 

Henry did not patent any of his electrical devices. 
He believed tha^* the discoveries of science were for the 
benefit of humanity. As a result, it was Samuel Morse 

(1791 - 187U) '.lo worked out the first telegraph put to 
practical usl'^ ^ and it is Morse who usually gets credit as 
the inventor or the telegraph. 

Samuel Morse graduated from Yale in 1810 and went 
to England to study art. At home he achieved considerable 
fame as an artist, but little wealth. He unsuccessfully 
entered politics as a member of the Native American party 
(a group of anti-Catholics and anti-immigrants) . 

During the 1830 's he caught the fever of electrical 
experimentation from Charles Jackson (American chemist, 
1805 - 1880) , a fellow passenger on an ocean voyage. 
Morse decided to build an electrical telegraph but found 
that he could not, since he had no knowledge of or training 
in science. He met Joseph Henry by accident, and Henry 
gave his help freely, answering all of Morse's questions. 
The first telegraph model was constructed in 1835. Morse 
then bogan to try to enlist support for the construction 
of a telegraph. Ten years later he finally managed to 
persuade a reluctant congress to appropriate $30,000 to 
build a telegraph line over the forty-mile stretch from 
Baltimore to Washington. it was built in 1844, and it 
worked. Morse's first message was "What hath God wrought?" 
sent in a code of dots and dashes that he invented and that 
is still called the "Morse code". 
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Morse never acknowledged Henry's help in designing 
his telegraph. In fact, during a prolonged litigation 
with Charles Jackson over priority in the invention of 
the telegraph, Morse tried to maintain that Henry had never 
helped him. Henry, testifying at the trial, was easily 
able to prove that he had, in fact, helped Morse. 

Meanwhile, sir Charles Wheatstone (1802 - 1873), an 
•English physicist, also invented and patented a telegraph 
m 1837, slightly ahead of Morse. Wheatstone also 
constructed his telegraph only after a prolonged visit 

f^Sr.-^S^.^ .K^''^^- "^''^y' idealist, did not mind not 
sharing in the financial rewards of the telegraph. It 
bothered him, however, that neither Morse nor Wheatstone 
ever publicly acknowledged Henry's help. 
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^ Exper iment #1 
1 A Telegraph Challenge 



Session 3 



Materials ; wir e , batter ies , 2 telegraph stations 



1. Find a way to connect your two telegraph stations so 
messages can be sent and received simultaneously . 
Draw the batteries and wires in the diagram below. 




Experiment #2 
A Galvanometer 



Session 3 



Materials: 15 feet of wire, hook-up wire, 2 batteries, 

2 battery holders, a switch, a compass, a ball 

of clay, and a cardboard piece marked "galvanometer 

base" 



1. Starting about 18" away from the end of the wire, 

wind several turns around four fingers of your hand, 
as shown below. 




Leave another 18" of wire at the other end. Twist the 
two wires together, and remove the coil from your fingers. 

2. Slide the compass into place inside the coil and hold in 
position with clay on the galvanometer base. Your 
galvanometer is now ready to use. 




3, Place the finished galvanometer on the floor (away 

from metal table and chair legs) . Turn the compass so 
the coil of wire and the compass needle are both lined 
up in a north-south direction, as shown. Connect the 
galvanometer to the battery and switch* What happens 
when you close the switch? 
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Experiment #2, Continued 
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Experiment ^3 
Electromagnetic Induction 



Materials ; 2 Fahnestock spring clips, a horseshoe magnet, 
your galvanometer, and 15 feet of wire. 



1- Make a second coil just like the coil you made for the 
galvanometer. Attach the ends of this coil to the ends 
of the galvanometer using the Fahnestock clips, as 
shown. Be sure the compass needle and the coil are lir*=^d 
up in the north-south direction. 




2. Hold the coil in one hand and the magnet in the other. 
Move as far away from the galvanometer as the wires 
permit. This should be at least three feet. Push the 
open end of the horseshoe magnet through the coil. Did 
you see a very tiny movement of the compass needle? 
Pull the magnet back out. What happens this time? 
Move the magnet in and out of the coil several times in 
a row. Now try holding the magnet stationary and moving 
the coil through the end of the magnet. What happens 
now? 



3. The property of a magnet to produce an electric current 
in a wire is called electromagnetic induction . (This 
discovery was first made by Michael Faraday in the year 
1831.) Today, huge coils, moved by steam or water 
power, are made to turn inside magnetic fields. These 
devices, called generators or dynamos, help to produce 
the electricity that we use. Can you think of any other 
devices that use the principle of electromagnetic 
induction? 
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Experiment #4 
A Box Microphone 



Although Alexander Graham Bell is credited with the 
invention of the telephone, it was Thomas Edison who devised 
the first telephone transmitter that could be used over 
long distances . Unlike Bell ' s limited-range instrument , 
Edison's transmitter took advantage of a wonderful property 
of carbon: if a loose pack of carbon particles is squeezed, 
the electrical resistance of the pack decreases. In other 
words, when current is passing through the pack, more current 
will flow when pressure is applied. 

Edison had the idea that voice waves could apply that 
pressure, and he was right. In the carbon transmitter he 
perfected/ loud voice sounds (upon striking the carbon 
particles and compressing them) caused larger currents 
than did quieter sounds. These vibrations in current traveling 
down a transmission line regulated a receiver at the other 
end of the line which reproduced the sounds of the speaker's 
voice. This use of carbon in a telephone is still practiced 
today, Edison's carbon particle device, then, was the 
forerunner of the modern telephone transmitter. It was, 
if fact, a microphone . 

The box microphone pictured below is similar to Edison's 
in at least one respect: it is a closed-circuit system, 
which means that current is constantly flowing. Edison's 
first "speaking telegraph transmitter" (patent no. 474,320) 
included this important concept. Bell's instrument did not, 
which is one of the reasons its range was limited to only a 
few miles. However, the box "mike" is not a carbon-particle 
transmitter, even though it uses carbon. It is a loose- 
contact mike. It won't give anywhere near the sound quality 
that Edison's did. Nevertheless, it is an extremely 
sensiitive detector of sound and one that can be fun to 
make . 

/ 





Experiment #4 (continued) 



How Does Our Mike Work? 

Being a loose-contact detector, the box microphone has 
the same high sensitivity to vibrations as insecure electrical 
connections. You've no doubt noticed how easily a loose 
light bulb flickers when someone passes by. So it is with 
our mike. The carbon electrodes loosely support the pencil- 
lead rod. The slightest vibration, like from a sound, 
will disturb the rod. When the circuit is closed and current 
is flowing through the earphone, this disturbance changes 
the current flow. The earphone responds to these changes 
and, hence, tends to imitate the sound. 



Materials Needed to Build the Mike; 

-Carbon Electrodes: the carbon electrodes were made 

from the carbon rods from a #6 
dry cell 

-Carbon rod: 1 3/4" piece of pencil lead (pencil lead is 
actually graphite, a form a carbon) 

-Sounding Board: small cardboard box 

-Earphones 

-1% volt battery 

-Handle: wooden dowel 

-!*i;ror Items: 2 machine screws, 1 wood screw, 4 nuts, 

3 washers, 2 Fahnestock spring clips, 
and 50 feet of wire. 



How to Build the Mike: 



2. 



EKLC 



On the flat side of each carbon electrode, make a small 
depression for the pencil lead to rest in. Use a nail 
to gently drill a dimple in each electrode. 



dimple 



With a nail, jab two holes in the bottom 
of the box 2" apart, with a razor blade, 
enlarge one hole to about long. Jab a 
hole in the side of the box and attach the 
dowel handle with the wood screw and 
washer. ^ 





Experiment #4 (continued) 



3. Attach the two electrodes to the inside of t:he box as 
shown below. The second nut is for attaching wires to 
the electrodes. 




-carbon electrode 



box 



4. Sharpen both ends of a 1 3/4" length of pencil lead on 
fine sandpaper. Now we come to the tricky part. The 
pencil lead must fit between the electrodes so that 
it is free to move slightly. If it is held firm, 
our loose-contact microphone won't have a loose 
contact . . . consequently, it won't work. At the same 
time, the fit shouldn't be sloppy either. Move the 
electrode in the slot back and forth until the pencil 
lead is held loosely in the depressions. 




5. Hook up the microphone, battery, and earphone as shown 
in the diagram on the first page. If you can't hear 
your partner speaking into the mike, adjust the pencil 
lead (tighten or loosen) until you get good sound 
reproduction. 



CONGRATULATIONS! You have just made a one-way telephone 
with a loose-contact carbon transmitter. Can you explain 
how your telephone works? 
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Using Your Microphone 



Optional Experiment 
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Does you microphone work better if you talk into the 
inside of the box or to the back of the box? Can you 
think of any reasons why? 



Hold the box against a wall or door and have someone talk 
on the other side of the wall or door. Can you hear 
the person talking? Can you explain how you can hear 
through a wall? 



Further Experiments You Can Try: 

a. Can you use a sewing needle instead of a pencil lead? 
Try it with the point down, then with the point up; 
turn it to find spots of higher sensitivity. 



b. See what happens if you use a pencil lead of a 

different hardness (#1, #3, or #4). Split a pencil 
open lenghwise with a razor blade to get out the 



lead . 
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Home Activity 3 



A Two-way Telephone System 



Build a second microphone with a small box at home. 
You now have two microphones, two earphones, a batter 
and some wire. Can you figure out how to connect the 
micrcpphones and earphones so you can both send and 
receive voice messages from different rooms. Draw a 
diagram of your telephone circuit below. 

(If you have trouble, the circuit diagram is in the 
attached envelope) 
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Home Activity 3 
Two-way Telephone System 

(You may need to use more than one battery) 




microphone 



earphone 
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Electromagnetic Induction and the First Telephone 



After Oersted had shown that an electric current could 
produce magnetism, scientists were bound to ask the next 
question: could magnetism produce electricity? Many 
scientists worked on this problem, and in 1831 two people 
reached an answer almost at the same time. One of these was 
the English scientist Michael Faraday (1791 - 1867) . The 
other was the American scientist, Joseph Henry (1797 - 1878). 

Faraday and Henry lived thousands of miles apart, but 
their lives were alike in many ways. Each came from a 
poor family, and each began to earn his own living while 
still a young boy. Faraday was apprenticed to a bookbinder, 
and Henry to a watchmaker. Both boys first became interested 
in science when they happened to read books .on this subject. 
And each became a great scientist and the head of a large 
scientific research institution in his own country. 

In 1812 a customer gave Faraday tickets to attend the 
lectures of Humphry Davy (1778 - 1829) , director of the 
Royal Institution. Faraday took careful note's which he 
elaborated with colored diagrams. He sent these notes 
and diagrams to Davy, who was so impressed that he hired 
Faraday as an assistant. In 1825 Faraday became the 
director of the laboratory. 

In 1831, Faraday did an experiment that gave him 
the first hint that electricity could be produced from 
magnetism. During a total of 10 years of further oxper Imentation 
and thinking, that hint was broadened and enlarged to become 
the basis for the telephone, electric lighting, and electric- 
power developments that came about in the next half century. 

Two of Faraday's experiments will be described. In 
the first experiment, Faraday wound a coil of wire around 
one segment of an iron ring. This coil was attached to a 
battery. The circuit could be opened or closed by a key. 
If he closed the circuit a magnetic field would be set 
up in the coil as Ampere had shown and it would be concentrated 
in the iron ring as Sturgeon had shown. 

Then suppose that a second coil is wrapped around 
another segment of the iron ring and connected to a 
galvanometer. Faraday thought that the magnetic field 
created in the iron ring by the first coil might set up 
a current in the second coil, and the galvanometer would 
indicate that "induced" current. 
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The experiment worked, but not in the manner Faraday 
had expected. There was no steady flow of electrical 
current in the second coil to match the steady magnetic 
force set up in the iron ring. Instead, there was a 
momentary flash of current, marked by a jerk of the 
galvanometer's needle, when he closed the circuit. There 
was also a flash of current, in the opposite direction, 
when he broke the circuit. 




Battery 



In making the report that v;ent into his laboratory 
journal, Faraday called the circuit that included the 
galvanomet.^r the secondary circuit , and the current formed 
the induced current . By contrast, the battery circuit 
was referred to as the primary circuit . He wrote in his 
journal : 



"An electric current is induced in the 
secondary circuit at the instant that -the key is 
closed in the primary circuit ... A current is 
also induced when the key is relf^ased. It's 
direction is opposite to the previous induced 
current. There is no induction while the current 
is flowing steadily in the primary circuit." 



Note: From this first experiment by Faraday and a 
similar experiment by Henry, came the modern transformer . 
A transformer is a device that makes it possible to send 
electric power over long distances. Transformers are an 
important part of telephone, radio, and television systems 
also. 
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Because Faraday was uneducated, he oc.lu not. explain 
this phenomena mathematically. He made up for t:;i£ tfirough 
his intuitive ability to pictor ialize , an ability perhaps 
unequalled in scientific history. He began to visuali25e a 
magnetic force stretching out in all directions from a 
magnet or electric current that served as its starting point. 
It filled space as a kind of magnetic field. Lines could 
be drawn through that field representing all points where the 
strength of the magnetic force was equal. These Faraday called 
'lines of force", and it was along these lines, it seemed 
to him, that iron filings aligned themselves, thus making 
them "visible". This was the beginning of a picture of the 
universe as consisting of fields of various types. The 
field universe was to be associated with James Maxwell 
(1831 - 1879) a half century later and with Albert Einstein 
(1878 - 1955) after an interval of another century. 

Faraday pictured magnetic lines of force as real lines. 
When a circuit was closed and current was set flowing, the 
lines sprang outward into space, when the circuit was broken, 
they collapsed inward again. Faraday decided, then, that an 
electric current was induced in a wire only when the lines 
of force across a wire or through a coil changed . In his 
transformer, when the current started in the primary circuit 
coil, the expanding lines of force increased through the 
secondary circuit coil and accounted for the short burst 
of electric current. Once the original current was established, 
the lines of force through the coil no longer changed and 
there was no current in the secondary coil. When the circuit 
was broken the collapsing lines of force through the coil 
decreased. A burst of electric current resulted again, 
but in a direction opposite to that of the first. 

Faraday demonstrated his theory involving changing 
lines of force with a second experiment. He inserted 
a magnet into a coil of wire attached to a galvanometer, 
as shown on the next page. While the magnet was moving into the 
coil or out of the coil, current flowed through the wire. 
If the magnet was held stationary and the coil moved over 
the magnet, there was current in the wire. in both cases 
the magnetic lines of force through the coil were changing . 
If the magnet and coil were both held motionless, whether 
the magnet was within the coil or not, there was no current. 
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Magnet not moving; 
no current flowing 



galvanometer 
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Magnet moving toward coil; 
current flowing 




Magnet at rest in coil; 
no current flowing 




N 



Magnet moving away 
from coil; 
current flowing 
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The Telephone 



On^ ^ay in 1876 the U.S. patent office received two 
commu nitrations describing a telephone. The. first description 
was in tn© form of a patent application by a 29 year-old 
amateur i^iventor whose name became world famous, Alexander 
Graham, (I847 - 1922). The second description, which 

arrived °^ily hours later, came from a 41 year-old professional 
inventoJT' Elisha Gray (1835 - 1910). 

Bej-l was born into a family interested in the problems 
of spee<?n. Both his grandfather and his father had been 
teacher^ of speech, teaching deaf people to talk and 
training Stammerers to speak properly, in 1871 the Bell 
family jiioved from Scotland to the United States, and in 
1873 Bej-l was appointed professor of vocal physiology at 
Boston t/"iversity. 

Hov/^Ver, when Bell made the first workable telephone, 
he was ri^t thinking of speech at all. He was trying to 
improve ^he telegraph Morse had invented nearly forty 
years e^^^-tier . Both Bell and Elisha Gray were trying to 
find a v/^V of Sending several telegraph messages at the same 
time ov^J^ a single line (multiplex telegraphs) when they 
simultarjS0V3Sly Invented a telephone. 

EliSha Gray was born in Ohio. His early interest in 
the elecJt^ical aspects of telegraphy led in 1867 to his 
first p^t^nt for a self-adjusting relay. This device earned 
Gray encji^Sh money for him to secure a partnership in 
Western J^-lectric Manufacturing Company, the sole supplier 
of telegraphic equipment to Western Union. Gray knew that 
the inventor of a multiplex telegraph system would earn a 
great deal of money. 

Mea^^hile, Bell was hired by Gardiner G. Hubbard to 
tutor hiS deaf daughter (who Bell later married) . Hubbard 
was a te^^graph enthusiast. He provided Bell with enough 
money to Jjire an expert 'nstrument maker to help with the 
work on t^e multiplex t^iiegraph. By the summer of 1875 
Bell's v/<^^k had convinced him it was possible to transmit 
speech, the same conclusion that had been reached earlier 
that sam^ year by Gray. Although Gray had set the notion 
aside in ^avor of further work on multiplex telegraphy. 
Bell's k^^n interest in the voice made him feel that such 
an achievement would be of the first importance, and he 
continued Work on his "talking telegraph". 
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In February of 1876 Gray finally filed with the Patent 
Office what was known at the time as a caveat or warning. A 
caveat was supposed to give the Patent Office official notice 
of an inventor'!- basic concept. After filing a caveat the 
inventor would develop the concept into a working device and 
then apply fcr a pr^tent. Gray's talking telegraph caveat 
potentinlly interfered with Bell's patent application for the 
teleph )ne filed the same day. if Gray had filed a patent 
applic Mon immediately after receiving this notice of possible 
interf ei^encer he could have been credited with the invention 
of the telephone. However, the experts in telegraphy y including 
Gray himself, did not think the telephone had any commercial 
value^ so Gray let the matter drop. The telephone was left to 
the amateur Alexander Graham Bell. 

A diagram of the first commercial telephone is shown 
on the next page. An iron disk is attached to a skin 
drumhead. Coils of wire are wrapped around a permanent 
magnet mounted behind the disk. Some of the lines of 
force from the magnet go through the coil to the iron disk. 

When you speak directly into the mouth piece of the 
transmitter, sound waves or vibrations strike the drumhead, 
causing the drumhead and disk to vibrate in the identical 
pattern of vibrations as the words you are speaking. These 
vibrations change the space between the disk and the nicignet^ 
so the number of lines of force pus:hing through the coil 
of wire wound around the magnet also changes. This changing 
magnetic field induces an electric current in the coil whose 
strength changes according to the original sound vibrations* 

When the varying electric currents from the transmitter 
flow into the coil of the receiver, the coil forms a magnetic 
field which aids or opposes the permanent magnet. Therefore, 
the iron disk is attracted to the magnet with a varying amount 
of magnetic force (pull) . This causes the iron disk and 
drumhead to move back and forth with the same pattern as the 
transmitter disk and drumhead. The drumhead pulls and pushes 
the air into vibration at the same rate. This air vibration 
is the "voice" you hear in the telephone receiver. 

Modern telephone receivers ara almost exactly the same 
as this first telephoiie receiver (seo Diagram II) . Instead 
of a drumhead^ however, there is a thin^ aluminum diaphragm. 
The diaphragm is surrounded by a permanently magnetized iron 
ring (called the armature) . On the underside of the diaphragm 
is a disk-shaped permanent magnet. This permanent magnet 
provides I a constant pull on the armature. Under the permanent 
magnet of the diaphragm is v>^e electromagnet. The electromagnet 
is a cylinder of soft iror ;ith a thin wire wound around 
it forming the coil. 
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Diagram 1 

ALEMER BELL'S FlRSTCOifflCIAL lELEPflOiC 




Bell's first commercial telephone could only operate 
over a few miles, and voice reproduction was very poor. 
Two improvements on this simple telephone were (1) batteries 
and transformers to give more powerful currents, and (2) 
a different, more sensitive transmitter invented by Thomas 
Edison. Edison's first transmitter is almost exactly like 
the ones used today (see Diagram III). The diaphragm of the 
transmitter is a circular piece of thin aluminum. the outer 
edge of the diaphram is held in place, but the rest of the 
surface is free to vibrate. On the underside of the diaphragi 
there is a small, gold plated brass dome which is nestled 
in a chamber containing small grains of carbon. When the 
handset is lifted from the cradle, the carbon in the chamber 
becomes part of the electrical circuit and current passes 
through it. 




When you speak directly into the mouthpiece, sound 
waves strike the diaphragm causing it to vibrate in the 
identical pattern of vibrations as the words you are speaking. 
This^ in turn, causes the small dome to vibrate in the carbon 
chamber, so the carbon grains are pressed close together and 
then loosened in turn. When the carbon grains are loosely 
packed, little current can pass from one grain to the other, 
so not much current flows in the circuit. When the carbon 
grains are pressed closer together, they make better contact 
and more current can flow. The changes in current in the 
circuit follow the same pattern of changes in the sound 
waves of the speaker's voice. 
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Testing Your Microphone With an Oscilloscope 



Materials ; microphone ^ battery^ battery holder and clips r 
earphone^ Pahnestock clips^ wire^ and an 
oscilloscope and probe. 



1, Adjust your microphone until you get good voice 
reproduction. Connect your microphone to the 
oscilloscope as shown in the diagram below. 



Speak or sing into your microphone and observe your 
voice patterns on the oscilloscope screen. Do these 
patterns look the same as the patterns from the sine 
wave generator? How are they different? 



2. Determining the Audio Response of Your Microphone 

You can determine the audio response of your microphone 
by speaking the alphabet letters (or phonic sounds) 
into your microphone one at a time and observing 
oach resulting wave pattern. 

Which letters or sounds are reproduced best by your 
microphone? 

Which letters or sounds are not reproduced well by 
your microphone? 

Can you think of any ways to improve the voice 
reproduction of your microphone? 




Oscilloscope 
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Experiment #1 (continued) 



3. Measuring an Audio Frequency 



(a) Sing a pure note into your microphone. Quickly 
turn the horizontal position knob until two peaks 
line up with the vertical lines of the oscilloscope 
screen. 

(b) Estimate the number of cycles and the number of 
time divisions between the two lined-up peaks. 

(c) Calculate the total time for these cycles by 
multiplying the number of time divisions by the 
time setting on your time/division (horizontal 
gain) knob. For example ^ if there were 4 time 
divisions between the two lined-up peaks and the 
time/division (horizontal gain) knob were set 

at 2 milliseconds, then tlie total time would be: 



total time = 4 x 0.002 seconds 
= 0.008 seconds 



For the note you sang: 



total time = 



(d) Now calculate the frequency of the note you sang 
by dividing the number of cycles by the total 
time. 



frequency = cycles 

seconds 



* If you find this difficult, you may wish to try a 
tonette or recorder. 
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Optional Experiment 
Using Your Microphone 



Does your microphone work better if you talk into the 
inside of the box or to the back of the box? Can you 
think of any reasons why? 



Hold the box against a wall or door and have someone talk 
on the other side of the wall or door. Can you hear the 
person talking? Can you explain how you can hear througn 
a wall? 



Further Experiments You Can Try: 

a. Can we use a sewing needle instead of a pencil rod? 
Try it with the point down^ then with the point up; 
turn it to find spots of higher sensitivity. 



b. See what happens if you use a pencil lead of a different 
hardness (#1^ #3^ or #4). Split a pencil open 
lengthwise with a razor blade to get out the lead. 



Experiment #2 
Diodes 
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Materials ; 1 nN34A diode, 3 batteries, 3 battery holders 
and clips, wire, 2 Fahnestock clips, 1 birthday 
candle, and a box of matches. 



1. A common type of diode suitable for use in crystal 
radios is in a glass container with two wires, one 
coming out of each of the narrow ends. 




Inside this glass container is a small piece of germanium. 
Touching the piece of germanium is a sharp wire. 



Any manufactured diodes which are like the Archer diode 
#1N34A can be used for simple radios. The Archer diodes 
you are using come in a package of 10 diodes for $ 0.99. 

The electrical symbol for a diode is: 



The direction in which a diode is pointing is sometimes 
important. Work with the circuits below may suggest 
to you some of the main properties of diodes. The 
symbol 




piece of germanium 





corresponds to a diode with its stripe to the right. 



The symbol 



corresponds to: 




stripe 
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Experiment #2 (continued) 



2. Connect the circuits below. To the right of each 
circuit, describe what happens to the light bulb. 



a) 



1 

X 



(b 



b) 



X 
X 



c) Gently heat the diode with a candle flame. 




What do you think a diode does in a circuit? 
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Experiment #3 (continued) 



1. Winding A Coil 

The tube from a roll of waxed paper or aluminum foil 
is a good size for winding a coil on. 




Punch two holes about 1/2" to 3/4" from each end of the 
cardboard roll. Leave about 1 foot of wire at the end. 
One person can hold and unwind the wire while the 
second person twists the tube to wind the coil. If 
you get tired, tape the coil to the cardboard and 
rest your fingers for a while. 



2, Radio Tuning Plates 

To change stations on most radios, you turn a dial. 
That dial is connected to tuning plates (variable 
capacitor) inside the radio. Often these tuning plates 
are pieces of metal, close together but not touching. 
When you turn the dial, you bring them closer together 
or further apart. 

You can make tuning plates for a simple radio from 
folded cardboard, using pieces of aluminum foil for the 
metal plates and plactic wrap to keep the pieces of 
foil from touching. To change stations with these 
plates, squeeze the halves of the cardboard together 
with more or less pressure. You will have to squeeze 
the tuning plates flat to receive some stations? fcpr 
• other stations, the plates may have to be opened fairly 
widely. 
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riment #3 (continued) 



a. Cut a piece of cardboard about 18" by 12". Use 
a razor blade and ruler to slit the cardboard so 
it is easy to fold. Do not cut all the way 
through the cardboard. 

b. Cut two pieces of aluminum foil 8" by 11". Bring 
the foil to the instructor for spraying with 
glue. Glue the two sheets of aluminum foil 

to the inner side of the folded cardboard. 



c. Take two paper fasteners touching the aluminum 
foil and push them through the cardboard. 



d. Take two sheets of plastic wrap and fold over the 
foil^ taping edges to the outside of the folded 
cardboard. Attach Fahnestock spring clips with 
the paper fastener. 
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Experiment #3 (continued) 



3. Attach five Fahnestock spring clips to your pine board 
with the wood screws, as shown below. 




The coil can be held to the center of the board with 
carpet tacks. Hook up your tuning plates , coil, 
diode, and earphone as shown on the diagram on the 
first page. 

Attach your antenna wire and ground wire. Squeeze 
you tuning plates together with various amounts of 
pressure until you can hear a station. 



4. The Circuit Diagram of Your Radio 

Looking down directly above it, your radio might look 
something like this: 



tuning 
plates 



antenna 




diode 



earphone 



ground 
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Experiment #3 (continued) 



The view from above can be translated into an electrical 
diagram in which the symbols and straight lines are 
used to represent parts of the radio and wire: 



o 
o 



T f 



antenna 



ground 



I 
1 



diode ( ^ 



tuning plates 



2i0 



earphone — {o) 
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Materials for Home Activity #4 



For the home activity this week, take home 

- the radio you built in class 

- earphone 

- 3 Fahnestock clips 

- diode 

Bring all materials, including your radio, to class next week. 
In addition, bring from home: 

- a screw driver. 



EKLC 
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Home Activity 4 



Antennas | and Grounds 
Finding the Best Antenna and Ground in Your Home 



A necessary part of any radio receiver is the antenna. 
Most pocket portable and electric house radios have their 
antennas built into them. Almost always, a simple radio 
like the one you built, requires an external antenna in 
order for you to receive voices and music loud enough 
to hear. The better the antenna you use, the louder the 
sound, and the larger the number of stations you will get. 

Almost any long wire or large piece of metal can be 
used as an antenna: metal window frames, screws on light 
switches, finger stops on telephones, TV antennas, 
very long wires laid on the ^loor, let out of a window, 
or taped to a wall, metal desks or chairs, drain pipes 
(sandpapered at the place where wires from the radio are 
connected), intercom buttons, metal cabinets, wires 
from a window to a tree, etc.. (Note: Be sure not 
to touch wall outlets or lamp sockets.) 

A wire which is connected from an electrical device 
(radio, telephone, telegraph, etc.) to a water faucet, 
a drain pipe, a radiator, or any other piece of metal 
that leads eventually into the earth, is a grounding wire . 
The metal itself is a ground . 

For the simple radio you built in class and for the 
radios suggested in this home activity packet, a grounding 
wire is little more than an additional antenna. In 
other electrical work, a ground acts as a protection 
against shock. 



An Antenna-Finder (and a Very Simple Radio) 

One possible way to test things in your home to 
see if they make usable antennas is to use the "antenna- 
finder" pictured on the next page. When you hold one 
of the end clips in your hand, your body becomes part 
of the electrical circuit — a human antenna or ground. 

Try the antenna finder on metal objects, long 
wires, and any other things listed above which may turn 
out to be useful as an antenna or ground. Listen 
carefully for faint voices or music. The objects which 
produce the loudest sounds will make the best antenna 
or ground for your radio. 
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Home Activity 4 (continued) 



After you have found the best antenna and ground in 
your homer connect your radio to these objects. How 
many stations can you receive? How far apart are they in 
broadcasting frequency? Try tuning your radio during the 
day and in the evening. Does the time of day make a 
difference in the number of stations you can receive? 
Can you think of any reasons why? 

II. Some Experiments With Your Radio 

Once you have found a good antenna and ground in 
your home, you may want to try some of the following 
experiments . 

1. What happens if you disconnect the antenna wire? 

2. What happens if you disconnect the ground wire? 

3. What happens if you take out the diode? 

4. What happens if you take out the coil? 

5. What happens if you take out the tuning plates? 



6. You could try making tuning plates of different sizes 
(very large and very small) . What effect do different 
size tuning plates have on the number of stations 
you can receive and the quality of the sound? 



7. Do two earphones, one for each ear, improve your radio? 



8. If you put a battery (1.5 volts) into your radio, 
perhaps between the earphone and the diode, will 
your radio work better? 
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Home Activity 4 (continued) 



III, Other Radio Circuits 



You may wish to design or invent other simple radio 
circuits. Here are some circuits you could try. 

1, Simple radios 



1 



-^B ®— I 



I @ 



d) j CS) 



2, Connect an antenna-finder to a coil, tuning plates, 
and an antenna: 




ERIC 



Does this radio work if you reverse one of the diodes? 
Both of the diodes? 
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Home Activity 4 (continued) 



3. If you wind another coil and make another tuning 
plate, you can connect two simple radios together. 
(You can buy wire at all electronics shops. The 
least expensive wire can be found at Ax Man Surplus 
and Acme Electronics Inc.) 




Does this radio work better than a single radio? 
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Home Activity 4 (continued) 
IV, A Small Box Radio 



aluminum foil and plastic wrap 




CB) i Cg) 
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Circuit Diagram 



HDW TO MEASURE A FREQUENCY 



Session 4 
Transparo 




time division 



218 



How Does a Radio Work? 



We have seen that a current-carrying wire has a magnetic 
field around it (Oersted effect). We have also seen that a 
changing magnetic field across a wire will induce a current in 
the wire (Faraday's electromagnetic induction). These two 
effects explain how a radio works. 

Imagine a circuit with a long wire, a transmitter antenna. 
The current in the antenna wire is made to oscillate, or flow . 
first in one direction, then in the oppostie direction. A 
magnetic and electric field is formed around the wire, which 
changes in both strength and direction. These oscillating 
electric and magnetic fields propagate through space in all 
directions, and are called electromagnetic waves . Electro- 
magnetic waves travel at the speed of light, 186,000 miles/second. 

The electromagnetic wave from the transmitter antenna will 
cut across a second long, vertical wire some distance away, 
the receiver antenna. When this happens, a small current is 
induced in the receiver circuit. This current will oscillate 
in the same pattern as the original current in the transmitter 
antenna. The current at the transmitter can be made to 
oscillate in the same pattern as voice or music by using a 
microphone. At the receiver, the induced current can be 
amplified and used to drive a loudspeaker. A loudspeaker is 
similar to a telephone receiver. The alternating current 
passing through coils around a magnet causes a diaphragm to 
vibrate in the same pattern as the original sound spoken into 
the microphone. 



The Transmitter 

Unfortunately, the amplified audio current from a microphone 
cannot be used to transmit cflectromagnet ic waves. The frequency 
of audio current is between 15 and 10,000 cycles per second. 
The electromagnetic waves generated at these frequencies are 
very weak, and are quickly absorbed by air and other objects . 
The transmitting antem*as would have to be 4 to 10 miles long 
to effeciently transmit these frequencies. Moreover, all 
transmitters would operate at the same frequency range, and 
therefore signals from different stations could not be 
separated at the receiver. 

These problems are overcome by superimposing the audio 
signal on a high-f requen- - radio carrier signal (see Diagram I) . 
Radio carrier ^ quencies range from about 550^000 cycles/second 
(550 kilocycles or 55 on /our radio dial) to about 1,500,000 
cycles/second (1,500 kilocycles or 150 on your radio dial). 
At these frequencies^ with transmitting antennas ranging 
from 160 to 450 feet^ electromagnetic waves can be transmitted 
with maximum efficiency. Moreover, each radio station can 
broadcast at a different carrier frequency with minimum 
interference. 
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How Does A Radio Work? (continued) 



The effect of mixing audio signals with a radio frequency 
carrier signal is to increase or decrease the amplitude of 
the radio frequency carrier wave in accordance with the 
variations of the sound or audio frequency. The variations 
in the audio frequency current are very slow compared with 
the variations of the radio frequency carrier current. A 
single flucuation of the audio current corresponds to a large 
number of cycles of the carrier current. Therefore, the carrier 
wave has an "envelope" with the same shape as the audio 
frequency wave, as shown in Diagram I. This process is called 
amplitude modulation or AM radio broadcasting. 



The Receiver 

Many combined carrier and voice signals are received by 
an antenna of a radio receiver. To select a signal, the radio 
receiver must be tuned to the carrier frequency. An inductance 
coil and a variable capacitor are used to do this. When you 
turn your radio dial to different settings you are increasing 
or decreasing the air space between the capacitor plates. 
At different settings, the tuning circuit will respond to only 
certain carrier frequencies. 

The selected signal is then sent through a detector. In 
the development of radio systems, a variety of detectors were 
successfully used, including crystal detectors and vacuum tube 
detectors. Today most detectors are diodes or transistors. 
A diode will allow current to flow in one direction only. 
Thus, a diode "rect i.Tles" the modulated signal, eliminating 
the negative half of the wave, so the wave pulses are all in 
one direction (see Diagram II). There is now a direct current 
signal which is made up of the carrier and the audio signal. 
By passing the signal through a filtering device, the carrier 
part of the rectified wave is removed and only the audio 
signal remains. The audio signal can be sent directly to 
earphones^ or amplified and used to drive a loudspeaker. 
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Experiment #1 
Amplitude Modulated and Rectified Patterns 



Tune in a radio station with your set. Remove the earphones 
and connect the oscilliscope probe as shown below. Turn 
the time/division (horizontal gain) knob between lOp and 
2in seconds and the volts/division (vertical gain) between 
0.1 and 1 volts ^ until you see a clear wave pattern. 




Oscilloscope 



Draw a picture of the waveform you see on the oscilloscope 
face. This type of waveform is called "amplitude 
modulated" . 



To see the radio frequency better ^ turn the sec/div knob 
to l|a. You can measure the frequency of your radio 
station by counting the number of complete cycles and the 
number of time divisions. Turn your time position knob 
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Experiment #1 (continued) 



so a peak lines up with a vertical line on the screen. 
Then count the number of divisions to a second peak 
which lines up with a vertical line on the screen. 



4 Cycles 




For example, in the picture above there are four complete 
cycles in three divisions, or in three microseconds 
(0.000003 seconds). This radio station would be 
broadcasting at a frequency of 

f = 4 cycles 

3 X 0.000001 sec 

= 1,33 cycles 
0.000001 sec 

= 1,330,000 cycles/sec 

This is radio station KSJN broadcasting at 1,300 
kilocycles or 133 on your radio dial. 

Calculate the broadcasting frequency of the radio station 
you are listening to. 
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Experiment #1 (continued) 



1. Connect the oscilloscope probe to your radio as shown 
below. 




Oscilloscope 



If the waveform is not showing on your screen ^ adjust 
the volts/div position knob until you see the waveform. 
Draw a picture of the waveform you see. 



As you discovered earlier ^ a diode only lets current flow 
in one direction in a circuit. The diode in your radio 
cut off the negative half of the current^ leaving 
only the positive amplitude modulated waveform. This 
process is called "rectification". The earphone will 
respond to the direct current fluctuating as the voice 
wave flucuates. 
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Optional Experiment 
A Transistor in Your Radio 



There are two common types of transistors call PNP and 
NPN, The three wires of a transistor lead into parts of the 
transistor called the "collector", the "base", and the 
"emitter". 



PNP NPN 




For the radio shown below, the differences among these 
parts are unimportant. However, when a battery is in the 
same circuit, the different leads must be connected in a 
certain order for PNP and NPN transistors. 



Attaching a transistor to your radio: 




Does a transistor sound different from a diod in your radio? 
How? 
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Experiment #2 
Building an Audio Amplifier 



I, Introduction 

For our amplifier^ we will use an IiM386 integrated 
circuit (IC) audio amplifier. The LM386 is a power amplifier 
designed for use in low voltage consumer applications 
(e.g. radio or tape player amplifiers^ intercoms^ TV 
sound systems^ line drivers^ ultrasonic drivers^ small 
servo drivers^ and power converters) . The gain is 
internally set at 20 to keep external part count lowr but 
the addition of an external resistor and capacitor between 
pins 1 and 8 will increase the gain to any value up to 200. 



Equivalent Schematic and Connection Diagrams: 




Amplifier With Gain = 120 
0.22;iF 



10;iF 




Audio Amplifier — Parts and 

- 1 pine board SJj" x 8" 

- 12 Fahnestock clips 

- 1 8-pin IC socket 

- 1 LM386 Audio Amp 

- 1 6V v^attery 

- 1 bXl speaker 



inections 

- 1 220pF 16V capacitor (axial) 

- 2 10|iF 25V capacitors (axial) 

- 1 0.1 ^F 50V capacitor (mylar) 

- 1 0.22pF 50V capacitor (mylar) 

- 1 10 /L 3sW resistor 

- 1 100 n 3sW resistor 

- 1 10 K resistor pot 



capaci top 1(K) Jl pesi stop 
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Experiment #2 (continued) 



Building the Speaker Holder 

Materials ; Sjaspeaker^ three IJ5" nails^ 2 pine boards^ 
4 wood screws 

Nail the two boards together. Screw the speaker onto the 
vertical boards as shown in the diacjram below. 




Speaker. 



18" of wire [ 



6" 

) ^ 



2" of 2 35" 
hole 



5" 



Building the Amplifier Board 



Materials: 



8" pine boards 12 Fahnestock clips^ 12 #6 wood 
screws, 8-pin IC socket, LM386 IC audio amplifier, 
220 p F capacitor, two 10 /uF capacitors, 0.1 uF 
capacitor, 0.22 /JF capacitor, lO-TI resistor, ToO resistor, 
short wire, and a lOK-H resistor pot. 

(a) Screw the Fahnestock clips onto the board, as 
shown in the diagram. 

(b) Connect the ground wire and the electronic components 
as shown. Be sure you have the + and - ends of 

the capacitors connected correctly. Also, be 

sure you do not confuse the 10 and 100 n resistors. 



4. Connecting the Amplifier, Radio Speaker, and Battery. 

Materials: crystal radio receiver, amplifier board, 
speaker, and 6V battery. 

Use your earphone to tune a station. Disconnect the ear- 
phone and connect your amplifier board, speaker, radio, 
and battery as shown in the diagram. Turn the 10 K .n. 
resistor pot to adjust the loudness. 

If your amplifier does not work, 

(a) check all electronic connections 

(b) check to see if radio is still tuned to a station 

(c) check your speaker and battery 

(d) check the IC (exchange for another) 
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Experiment #2 (continued) 

Connecting Your Amplifier to Your RadiOf Speaker^ and Battery 
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